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FOREWORD

This report describes the finite element solution program

MAGNA, developed at the University of Dayton Research Institute,

Dayton, Ohio. Development of the program was performed between

January, 1978 and December, 1982, by the Analytical Mechanics

Group (Dr. F. K. Bogner, Leader) within the Aerospace Mechanics

Division (D. H. Whitford, Supervisor) of the Research Institute.

This work effort was accomplished under Project 2402,

"Vehicle Equipment Technology," Task 240203, "Aerospace Vehicle

Recovery and Escape Subsystems," Work Unit 24020332, "Computer

Aided Design of Bird-Resistant Transparencies for USAF Aircraft."

The present report provides final documentation of the

developments performed on Air Force Contract F33615-80-C-3403

between March, 1980 and December, 1982 for the Flight Dynamics

Laboratory, Air Force Wright Aeronautical Laboratories, Wright-

Patterson Air Force Base, Ohio. The project manager for this

effort was Dr. Fred K. Bogner, and the Principal Investigator was

Dr. Robert A. Brockman. Technical direction and support was

provided by Mr. Robert E. McCarty (AFWAL/FIER) as the Air Force

Project Engineer. The work described herein represents a continu-

ation of previous developments performed in-house at the University

of Dayton Research Institute, and on Air Force Contract

F33615-76-C-3103.

The author wishes to express his appreciation for the

contributions of several individuals and organizations whose efforts,

support, and suggestions have resulted in significant improvements

to the MAGNA program. Continuing support and many useful discussions

have been provided by Dr. Fred K. Bogner; numerous improvements to

both the program and its documentation have been suggested by

Mr. Robert E. McCarty. The analytical development performed by

Dr. H. C. Rhee and Dr. Mohan L. Soni, and the computer graphics

support provided by Messrs. T. S. Bruner, C. S. King, M. P. Bouchard,

M. J. Hecht, Ms. M. A. Dominic, and Ms. M. E. Wright are also
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SECTION 1

INTRODUCTION

Finite element methods and other numerica± techniques for

performing complex structural analyses have matured to the point

that they may be used with confidence in the development and

final qualification of complex structural designs. Numerical

structural analysis is routinely used in a number of industries

to ensure maximum safety and reliability, and practical appli-

cations of enormous size have been accomplished Cl] for the

qualification of designs for which full-scale testing is imprac-

tical or impossible.

As the size and/or complexity of an application increases,

however, the advantages of a computer simulation are sometimes

reduced due to the time and cost associated with the preparation

and checking of input data. For the geometric description of a

finite element model, the tabulation of nodal point coordinates

and the connections of elements to the aodes accounts for the

bulk of the numerical data. In a large finite element model,

manual preparation of this data alone may consume weeks or even

months.

This report describes a system of data preprocessing programs

which generate and manipulate modeling input for three-dimensional

1.1



finite element structural analysis. The preprocessing system is

oriented toward the construction of models for applications

involving thick shell and solid geometries, although axisymmetric

and two-dimensional models may also be prepared. Most of the

facilities of the preprocessor are concerned with the geometric

"* description of a structure, since it represents the largest and

most complex portion of the problem definition. However, the

remaining parts of the model, such as constraints, loading, and

material properties, can also be prepared automatically. Facil-

ities are also provided within the present system of programs

for interactive plotting, optimization of a completed model for

solution efficiency, and communication with other computer

*programs which perform related data processing functions.

1.1 OVERVIEW OF PREPROCESSOR FUNCTIONS°"

The present preprocessing system is composed of a series of

compatible computer programs, which perform three primary classes

of functions:

- data entry and translation,

- model editing, refinement and display, and

.* - data output and reformatting.

These functions are outlined briefly below, and in detail in

. Sections 2, 3 and 4 respectively.

-0 1.2
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The motivation for developing the preprocessor described here

is the current need for a means of constructing finite element

analysis models for aircraft windshield-type structures, which

can be broadly characterized as solid or thick shell construc-

tions. As a result, most input functions are strongly oriented

toward problems involving curved, three-dimensional geometries

which might be described by surface shapes and thickness distri-

butions, by lofting coordinates, or by mathematical expressions

in curvilinear coordinates.

Data entry functions performed within the preprocessor

,. provide a convenient means of defining the geometry of this

thick shell / solid class of structures; analytically-defined

.* shapes, lofting input, coarse surface grid data, and surface

." patch input are supported, by means of file, keyboard and/or

digitizing pad input. "Superelement" input, which defines

-a geometric shape in terms of the coarsest possible finite

.ii element mesh, is also possible for general two- and three-

. dimensional regions. For models prepared using other data

preprocessing systems (such as PATRAN-G E2] or IMPRESS [3]),

data translation routines are available for converting most

finite element data from external formats to the data forms

understood by this system.

Every data entry (or translation) function results in

data files, which are stored in a certain internal format

for use in the preprocessor. This format is designed for

-
o  easy translation to other forms as needed to interface with

"- other preprocessors and/or specific analysis programs.

1.3



Once a finite element model is stored in the internal

• "format of the preprocessor, any number of operations may be

performed to edit, refine or otherwise manipulate the model

geometry and properties. Two or more models may be merged

to form a single geometric model at- this stage as well.

During this phase of preprocessing, a model can always be

saved and accessed later for further processing, so that the

modelling process need not be accomplished in a single session

at the computer terminal.

Final version(s) of a completed finite element model are

translated into forms understood by other computer programs

in the data output and reformatting process. The finite

*element data can be formatted' for a specific analysis program,

• .or rewritten in a form which can be transferred to other

preprocessor formats as needed.

The interrelation of these three phases of preprocessing is

discussed in detail in the following subsection, which describes

many of the possible data paths through the total system. Since

the preprocessing system is ccnstructed from a group of separate

programs which may be executed in any order, the possibility of

introducing specially-written small programs to perform unusual

or unsupported functions also exists. This open-ended organiza-

tion can be a great advantage for the experienced user who is

handy with FORTRAN, while less experienced (or less computer-

oriented) individuals can exercise the capabilities of the

4 system "as-is".

1.
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1.2 PATHS THROUGH THE SYSTEM

The organization of the preprocessor is shown in its most

general form in Figure 1.1. Geometric and other data are entered

via keyboard, data file or digitizing pad, using one of the data

entry or interface facilities of the system. At the opposite

end, a completed model is extracted from the system format and

placed in a usable form using additional data translators. In

between, the main preprocessor (PREP) may be used to modify,

*refine, list, plot or otherwise manipulate the data.

The choice of a data entry program is invariably governed by

* the form in which the information describing the model is most

readily accessilrle. Table 1.1 summarizes the types of input

which are accepted by each of the data entry utilities : CREATE,

IJKGEN, CORGEN, AGRID, and SPATCH.

In some situations, the geometric description of a model may

already exist in the form of a finite element mesh. When this is

the case, one of the data interfaces TRNSFR, IMPRINT, or NEUTRAL

can be used to convert the information to the preprocessor

internal format. For data formats not recognized by the system,

a set of general-purpose data translating subroutines are pro-

vided, which will permit the conversion of external data with a

minimum of user programming. These utility routines are de-

scribed in Subsection 3.3.

L1.5
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DATA ENTRY (SECTION 2) INTERFACES (SECTIONS 3, 5)

CORGEN __ NEUTRALI ---- NEUTRAL DATA
AGRID JJ SPATCH r FILE(S)

INTERNAL I INPUT

2-D DATA I DECK-F \ IL E

TI I IMPRESS.EIMPRINT sDATA
CRAE I IIJKGENI BASE• I

GENERAL EXTERNAL
EPAND I INTERFACE DATA FI LE

",MODEL VERIFICATION AND
- ID / -. MODIFICATION (SECTION 4) *

DISK I NTERNAL
OR -- -D DATA

TA P 7E FI ILE(S)

""/ \
"/ I

/__ _ TRANSLATION (SECTION 5)

MATERIALL:: [ NEUTRAL REFMT } PRETIES
REFM PROPERTIES

LIBRARY

NEUTRAL MAGNA
DATA INPUT
FILE DECK

Figure 1.1. Preprocessor Organization.
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TABLE 1. 1

SUMMARY OF INPUT DATA TYPES FOR DATA ENTRY MODULES

CREATE IJKGEN CORGEN AGRID SPATCH

Keyboard X X X

Data File X X X X

Digitizer X

User Subroutine X X

1.7



The central preprocessing program, PREP, uses a single file

format for data input and output. Each of the data entry and

interface utilities creates finite element data files in the

PREP standard format: once expressed in this form, the finite

element mesh can be reprocessed numerous times using PREP, and

may be combined with other models stored in the same form. Data

stored in the preprocessor internal format may be retained on

auxiliary storage and modified as many times as desired. Printed

output and geometry plots are also available at this stage.

Data translators which interpret the output of the prepro-

cessor are of two types: the REFMT processor generates finite

element data which is readable directly by the finite element

analysis program MAGNA4I, and NEUTRAL produces a formatted data

file which may be translated for use with other preprocessors

and/or analysis codes. Since NEUTRAL can also be used to trans-

late the neutral file back to PREP format, it is also a useful

means of transferring modelling data from one computer system to

another. Obviously, the entire output translation step may be

replaced if necessary by one's own conversion programs. The

* PREP data sequence, as it o'-:curs in files output by the PREP

processor, is described fully in Section 6 for such applications.

1.8



SECTION 2

DATA ENTRY FUNCTIONS

The initial step in generating a model using the present

preprocessing system is concerned with the general descrip-

tion of the structural geometry. In this phase, the objec-

tive is to create a geometric data base which adequately

describes the structure or substructure of interest. The model

so defined will be generally too coarse for the actual finite

element stress solution, but will be sufficient to identify the

structural geometry which may be edited, refined and merged

with other model files to result in a final model which will
U! be suitable for analysis.

The data entry modules provided by the preprocessing

system are applicable to rather arbitrary structural geometries.

The modules discussed in this section detail the provisions for

utilizing various forms of model data input to define a 'coarse'

finite element mesh. It is anticipated that the user will

employ the editing capabilities of the verification and modifi-
cation modules to refine the coarse mesh to a mesh suitable for

analysis.

The CREATE data entry program provides the simplest possible

form of input, in which nodal coordinates and element connections

are defined explicitly in free format at the keyboard. This mode

of input can be useful when large portions of a model can be

defined in terms of uncomplicated shapes.

2.1
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The data generator IJKGEN allows the definition of a model

in analytical form, using known equations of a surface or other
shape to set up a topologically regular mesh of nodes and

elements. Built in generation options, and/or user-written sub-

routines, may be used in generating the model.

The CORGEN processor assists the user in combining pre-

viously defined coordinate data, lofting data existing either in

digitizing form or numerical form, and additional data that may

be input directly from the keyboard. This program makes use of

an intermediate nodal group concept to allow implementation of

interpolation schemes to provide for regular mesh generation.

AGRID is a surface-fitting utility program which permits the

definition of a regular surface mesh from scattered data which is

not suitable for input in any other form. This module uses a

special smoothing technique which computes surfaces passing

through a number of specified points based on a 'least curvature'

criterion.

The SPATCH utility, in conjunction with user-written input

routines, facilitates the translation of geometric data stored

in the form of bicubic 'surface patches' into the forms recog-

nized by the preprocessor.

Each of t1 'ese data entry functions is described in further
detail in the following Subsections. For modelling data which

is incompatible with the data definition utilities discussed
4 below, the reader is referred to Subsection 3.3, which describes

a set of general interface routines which can be adapted to the

translation of most types of data into the preprocessor formats.

S2.2
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2.1 CREATE - Coarse Mesh Input

The CREATE program is oriented toward problems which involve

geometric shapes that might be defined by a very coarse grid of

finite elements, even though a much finer mesh would be required

for stress analysis. Such a simple model (e.g., a tapered plate

defined using a single eight-node brick) can be translated into
the preprocessor format using CREATE, and refined for analysis

with PREP. CREATE is fully interactive, prompting the user for

* each of the inputs it requires. There are currently limits of
500 nodes and 100 finite elements.

The access procedures for CREATE are detailed in Appendix C

for all computer systems currently supporting CREATE. Once

initiated, the program prompts the user with the following
pattern of requests:

i.) is this a re-edit session?,

ii.) define a 2-D or 3-D coordinate system to be used,

iii.) input the nodal coordinates,

iv.) edit the nodal coordinates?,

v.) input the element nodal connectivity,

vi.) edit the element connectivity?,

vii.) edit nodal data or element connectivity?

Sample program executions are provided in Section 7.1 for CREATE.

* A feature is provided which allows for re-editing a previously

CREATE'd file to eliminate mistakes. The user is initially asked

if the current session is a re-edit session. If the user responds

that it is a re-edit session, there must be a file present

* containing previous output from the CREATE program. Should the

,. user select a re-edit session there will only be one edit pass

made through the data.

Data entered to CREATE must be either two-dimensional or

2.3
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three-dimensional in form. For two-dimensional data, two coor-

dinates (X, Y) must be defined for each node; three-dimensional

coordinates require a third (Z) value. The user may define nodes

that are not connected to the model being defined, but all nodes

. specified in the element nodal connectivity must be defined.

Unused nodes may be eliminated in the PREP module.

Elements are defined in CREATE with reference to the 27-node

*solid and 9-node planar elements shown in Figures 2.1 and 2.2.

If the user has selected a 2-D coordinate system, only four to

. nine nodes are required to define each planar element. The

elements illustrated in Figure 2.2 are typical 2-D elements the

user may define. When specifying elements using a 2-D coordinate

system, the user must input the element number, the number of

nodes to be used to define this element (from four to nine),

" followed by the nodes themselves. Three dimensional models are

defined in the same manner as for 2-D, except that each finite

element may contain from four to twenty-seven connected nodes.

Since each element may have a different number of nodes, the user
*" must enter the element number, the number of nodes to be used to

define the element and the node numbers involved.

The completed model data is written to the default file

*" specified in the access procedures for CREATE. This data file

*. is unformatted and is suitable for input directly to the PREP

preprocessing module for modification and reformatting.

2.2 IJKGEN- ANALYTICAL SURFACE GEOMETRY INPUT

The IJKGEN mesh generator is a stand-alone program which

creates finite element data from analytical descriptions of the

*| geometry in question. Figure 2.3 demonstrates the types of

* geometries which lend themselves to the generation scheme used
* i.. IJKGEN: in each instance, the shape can be imagined as varying

2.4
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Figure 2.3. Types of Geometries Suitable for IJXGEN.
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(at least piecewise) continuously with the "generator indices"

I, J and K.

A very simple example of the method of generation in IJKGEN
appears in Figure 2.4. Since the three coordinates R, 9, Z are

orthogonal, we might express them in terms of generator indices

I, J, K as

R = R (I)

8 = e (J) (2.1)

Z = Z (K)

in which I varies from one to the number of nodes in the radial

direction, and so on. Given the limits on R, e and Z, IJKGEN

would generate a mesh by

- looping over all combinations of (I,J,K),

- for each (I,J,K) combination, "interpolating" for (R,8,Z),

- transforming each (R,8,Z) to Cartesian (X,Y,Z) coordinates.

Connectivity is generated for the model using the fact that the

shape is topologically regular; that is, the connectivity for

the cylinder is precisely the same as for a rectangular parallele-

piped having the same number of nodes in each direction as the

cylinder.

The basic mode of operation of IJKGEN uses a number of built-
in options for geometric shapes, including rectangular flat

plates, cylindrical shells and spherical shells. Furthermore,

two built-in options are provided for interpolating the curvi-

linear coordinates in terms of I, J and K: (1) uniform mesh

spacing; and (2) logarithmic grading, with the ratio of the sizes

* of the first and last elements in each direction specified by the

user. Figures 2.5 and 2.6 illustrate the default options for

coordinate systems and mesh spacing in IJKGEN.
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Figure 2.4. Example of IJKGEN Method of Generation.

2.9



Figure 2.5. IJKGEN Default Coordinate Options.
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- Figure 2.6. IJKGEN Default Mesh Spacing O-ptions.

2.11



When the default options in IJKGEN are used, the data required

. as input includes

. - the coordinate system type (Cartesian,cylindrical,spherical),

- the number of elements in each direction,

- the mesh spacing option, and

- limits on the curvilinear coordinate values.

The generated mesh is always composed of 27-node solid elements,

which may be reduced to lower-order elements in PREP if necessary

(see Section 4.1, the MASK function). To ensure that 27-node

elements which are to be MASKed to create 16-node elements (for

example) are properly oriented, IJKGEN also allows the selection

- of a "thickness direction" prior to generating the element

connectivity data.

Figure 2.7 shows a sample execution of IJKGEN, using the

default options. In this case, the shape is rectangular, the

mesh is graded in all three directions, and no thickness direc-

tion for the model is specified. Figure 2.8 shows a plot (ob-

tained from PREP) of the finite element model as output by IJKGEN.

Naturally, the simple geometric shapes included in IJKGEN as

built-in functions represent the exception, not the rule, for

practical applications. When the shape of a model is known in an

analytical form other than those included in IJKGEN, three user-

written subroutines may be introduced to describe the geometry in

*equation form:

- SUBROUTINE UINPUT

- SUBROUTINE SURFAC (I,J,K,ALPHA,BETA,ZETA)

.Q - SUBROUTINE CRDTRN (ALPHA,BETA,ZETA,X,Y,Z)

The subroutine UINPUT is called at the beginning of execution, to

*2.12



"* . : ,:z szs:: : zzszzwsss:2zz 222zs m:lrz
, - "z1222*23 BEGIN IJKGEN &2S2s82222

I J K Q N - GENERATION OF GEOMETRIC MESH DATA FOR SOLID,
THICK SHELL OR PLATE FINITE ELEMENT MODELS, USING AN INTEGER -
COORDINATE INDEXING SCHEME. OPTIONAL USER ROUTINES ME -

() SURFAC (IJ,KALP. 3,ETAZETA) - DEFINE MESH GEOMETRY
1.2) CRDTRM (ALPHA,BETA. ZETA.X.YZ) - COORD. TRANSFORMATION

BUILT-IN OPTIONS INCLUDE RECTANGULAR, CYLINDRICAL OR SPHERICAL
COORDINATES. AND UNIFORM OR PROPORTIONALLY GRADE MESH SPACING

(3) UIIPUT - USER PARMETER IIPUT ROUTINE (INITIALIZE DATA
IN BLANK 3ORMON)

.. . .... , . ..~o o. * * * * * * * * * * * * * * * * * * ... *.. . . .. . . . . .. . . . . .. . . . .

2*28•21$ USER SUBROUTINE "SUF"AC' NOT GIVEN 112t222233

BUILT-IN MESH. DIVISION OPTIONS ME AS FOLLOW -
(I ) - UNIFOPM MESH IN EACH DIRECTION
(2) - GRADED MESH (SPECIFY RATIO OF FIRST/LAST ELEMENT SIZE

ENTER OPTION ( 1 ................ 2

ENTER THE RATIO OF FIRST / LAST ELEMENT LENGTHS FOR EACH
COORDINATE DIRECTION (ALPHA, BETA. ZETA) (Rol FOR UNIFORM)

ENTER LENGTH RATIOS (RI,RE.R3) ........ 3 4 5

masms$ USER SUBROUTINE C*DTR" NOT GlEn 228222

BUILT-IN COORDINATE SYSTEI TRNSFORMATION OPTIONS ARE - -
(1) RECTANGULAR. (2) CYLINDRICAL, (3) SPHERICAL

ENTER COORDINATE SYSTEM OPTION (1.2,3) -1

St PLEASE NOTE THE FOLLOWING COtIVENIONS FOR RECTANGULAR SYSTEM 22

'ALPHA' a X 'loa' V ZETA', Z
A RIGHT--HNED SYSTEM IS ASSUMED.

ENTER LIMITING SURFACE COORDINATE VALUES -

1. ALPhA(MIN) 8. ALPHA(MAX)
3. BETA (RIM) 4. BETA (MAX)
". ZETA ("IN) 6. ZETA (MAX)

-9. . 0. 13. -2. 1

ENE THE NUMBER OF ELEMENTS TO BE GEN-
ERATED IN T14E ALPHA, BETA AN ZETA CO-
ORDINATE DIRECTIONS, RESPECTIVELY .... 3 3 3

*2 sEaIp GENERATION PHASE •23
NUMBER Or NODES TO BE GENERATED *343NUMBER OF ELEMENTS TO I GENERATED C?

T.E THICKNESS DIRECTION OF THE MODEL (IF ONE EXISTS. AS IN A
THICK SHELL) MUST K IDENTIFIED TO ORIENT ELEMENTS PROPERLY.

OPTIONS AE (1)LP4A, (IETA, (3)ZETA. OR (4)OJNIPORTANT).

ENTER THICKNESS DIRECTION CODE (1.8.3,4) -4

22* DATA GENERATION COMPLETE as*
as*22* IJICOM TERMINATED an8**2

STOP
2.SS" MXIlIJIM EXECUTION FL.

.147 CP SECONDS EXECUTION TIME.

Figure 2.7. Sample Execution of IJKGEN.
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allow initialization of parameters (e.g., in CCMMON blocks) which

I might be needed in the other two routines. Subroutine SURFAC

computes the values of the curvilinear coordinates (ALPHA,BETA,

"" ZETA) as functions of (I,J,K), and therefore allows the intro-

duction of non-orthogonal coordinates and variable mesh spacing.

The CRDTRN routine accepts curvilinear coordinate values (ALPHA,

BETA,ZETA) and returns Cartesian coordinates X, Y, Z; in effect,

CRDTRN defines the coordinate system in which IJKGEN generates

the finite element mech.

Figure 2.9 shows a model of the B-i bomber left

windshield generated with IJKGEN [6]. In this case, UINPUT has

-been used to read in "key points" for the windshield geometry,

which is cylindrical with irregular boundaries; a two-element

*mesh which uses only the key points and a few intermediate points

is shown in Figure 2.10. SURFAC is used to generate intermediate

points on the windshield by linear interpolation, and CRDTRN

performs the final transformation to Cartesian coordinates.

2
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~Figure 2.9. Portion of B-1 Bomber Windshield.
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Figure 2.10. Coarse B-i Windshield Mesh using Key Point
Coordinates.
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2.3 CORCFrn - (qeneral Surface (eometrv Input

CRr- r is a qeneral purpose finite element preprocessor -i

pronram desinned to interpret surface loftin type data, either

from sets of coordinate data or from diriti-!ed data in the form

of a rieometric description. The pronram. will also accept direct

creation of model neometry and element connectivity from kevboarri

input. reometric data input may come from a variety of media

such as disc files, keyboard or diqitizer tablet, or a combination

of these. Reference points entered by any of these means may, he

used to qenerate data alonq lines, circular arcs or more neneral

curved paths.

Data entry is performed according to "nroups" of points where

data from an individual lofting plane (cross-section) will cor-

respond to a sineile group as illustrated in Fiqure 2.11. For each

ciroup of data input, the user may select a different input medium

(e.q file, keyboard or dinitizer), a separate coordinate system

transformation (Cartesian, cylindrical, or spherical), inlependent "

coordinate translations and other parameters which define the

placement of the group within the global coordinate system. input

from the dinitizinq tablet, for instance, is always given in

planar form (2-D) but may be arbitrarily located in three dimen-

sional space hv specifyinq the location of a positional

diqitizinq plane using any three non-collinear points lyinq in

the plane.

Ultimately, the neometric data presented to COPE ' must be

arranqed in nodal riroups containing similar numbers of ;oL,,ts.

Data which does not conform to this scheme may be interpolated or

* otherwise modified after beinq input to CORCvi. The commands

available in CORrCrm are nenerally of three types: (1) data input

* cormands; (2) qeneration/interpolation commands; and (3) element

qeneration commands. Innut commands define an input red ium, or

" cause data to be read from an already-defined medium. reneration

and interpolation commands initiate internal neneration of nodes,

*g 2.18
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usually for the purpose of "fillinn out" one or more nodal nrouns.

Element qeneration commands cause the surface model to be comnleted

hv defininq surface element connection data.

Often the available data is not suitable for qeneratinq a finite

element mesh directly, due to poor point spacinq or density. In such

situations, interpolation of point data mav he performed in COPCF'1,I
usinn the method described in Reference [51 . Interpolation of new

nodes between existing nodes, or placement of entire new node qrous

between oreviously-defined cross-sections produces smoothly interpol-

ated data, even in situations where spline fitting may' be inadoerlcate.

Finure 2.12 illustrates the salient differences between these

me thods.

Whenever the user specifies the input of nodal coordinate

data, prompts will request necessary information for forminn

qroups from that data. For example, if the user were to specify

file innut of nodes, the user would be asked to snecifv the

number of nodes per qroup to be input as well as the number of

qgroups that should be input concurrently containinn that numiber

"* of nodes per group, before returninq control to the user.

Simple modelling requirements will entail no special interaction

by the user to alter or select oroups, since CORCE 1 is structured

, to assume the user has entered nodes and cyroups in the order

they are to be utilized in element qeneration.

Element qeneration in COR-, E13 defaults to utilize all orouns

currently defined, in the order they were defined. This may be

altered by the user in special cases where new qroups are created

or ciroups were not input in the correct order for the qenerator.

Additionally, the user should be aware that when a oroun is

specified for internolation, the ne, r7roup will replace the old

F roup. This can result in sinnificant disarray of node numbering

sequences in the completed model. Provisions are ma'e for rentim-
berinq the nodes in the nREP module to eliminate problems with
non-optimal node numberinq. Should the user create qroups that

L.
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are not built with eauivalent numbers of nodes, CORGr,!' will

automatically invoke the interpolation routines to homogenize

all qroups specified for element generation. Element generation

has two options available for positioning midside nodes. The

program default is to always (ienerate interpolated nodes betwQen

existina nodes such that midside nodes are properly located.

Occasionally, it is necessary to extensively alter input

geometry data to achieve an appronriate model for analysis.

Provisions are available for user creation of new oroups h"

snecifvinq nodes to he used for interpolation and by user selec-

tion of groups to be utilized in element oeneration. Addition-

ally, a number of options exist for altering node, oroup and

element data to meet a variety of modelling requirements. In

the event the user wishes to utilize the element generator but

does not wish to have new nodes interpolated then the qroups

must be defined such that an odd number of nodes are located in

- each group and that an odd number of oroups are selected for

element generation. 0

2.3.1 Interactive Program Execution

The interactive capabilities of CORCGFT] are summarized in

Table 2.1. The program is essentially command driven, but

oriented such that the user is displaved only a menu of those

options or commands immediately relevant. Fxtensive help

facilities assist the user in understanding what ontions are

available and provides information relevant to the current stage

of model development.

Initial input to CORrfrN consists of establishing the nroper

. coordinate system transformations, implementing any coordinate

translations, resetting default nodal attributes, and any other

•. parameters that affect the input of nodal coordinate data.

Figure 2.13 lists the default options of CORCT and what commands

are user to alter them. Once the user has adeciuately defined

2.22



TABLE 2.1

CORGEN INTERACTIVE PROCESSING CAPABILITIES

Node Group Element

Input
File X X
Keyboard X X X
Digitizer X

Edit inrg
File
Keybo? rd X X X
Digitizer X

Interpolation X X

Auto-generation X X

V Auto-interpolation X

Generation (other) X

Save/Restore X X X

Other features:

o 2-D lofting plane specification in arbitrary space
o Default values for thickness and coordinates
o Coordinate transformations and translations

.2.3
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Default Options for CORGEN Program Execution

- Function Default Command

Auto :nterpolation Yes INTErpolate
Auto Mesh Generation Yes ELEMent
Coordinate System Cartesian COORdinateI Digitizer Pick Tolerance 5% horizontal axis TOLErance
Lofting Plane (0,1)

X vertical screen
Y horizontal screen
Z into screen PLANe

Translation Factors x=0, y=0, z=0 COORdinate
Thickness 1.0 THICk

Figure 2.13. CORGEN Default Options and Commands

Menu Paths

A. File input of nodal coordinates, automatic interpolation,

and mesh generation:

NTODE, FILE, READ, FINI, STOP.

B. Keyboard input of coordinates, order groups for
interpolation then selective element generation:

of NODE, KEYB, READ;
GROUP, ALTER;
ELEM, GENER;
STOP.

Figure 2.14. CORGEN Command/Menu Paths.

"-.24 ~2.24



.* the input coordinate system, a mechanism should be selected for

nodal coordinate input. In defininq the nodes to COrCrET, the

user must be coqnizant of the need to incorporate nodes into

'nodal qroups'. All nodal input sequences will question the

user as to how many nodes are to he placed in the next input

qroup. There should qenerally be an equal number of nodes in

all arouns or the interpolation functions will automatically ht

K invoked to reconfiqure the qroups so that all are ectial.

The menu paths of CORrrl are detailed in Fiqure 2.1A. The

user is encouraged to follow a strainhtforward approach to rodel

qeneration by first defininq nodes in nodal groups, then selectino

any needed interpolation and finally generatinq elements. MIanv

of the features in CORGE are automatic and will be invisible to

the user if nodal qroups are defined properly at the outset.

!Fach master command will be discussed below. All commnands are

enabled by typing the one to four letter abbreviation enclosed

in parentheses in the commands listinq. The command listinqs

are always available by typinq COM!ands. Master commands are

* those commands which are available for the COMMAND..: prompt.

2.3.2 COM0,MAIDS LISTING

The user has available a number of command options at all

times. The proqram is structured to display only those commands

which are immediately neccessary to what the user is doinq based

on previous commands entered. The master commands are listed in

p. Fiqure 2.15. The master commands will provide the user with

:- more specific options to accomplish particular tasks by reques-

tinq more specific input or data. The CO"Mands command will

always display the current optional commands available to the

user. Master commands are always accessible bv the user,

* unless specific numeric data has been requested such as nodal

coordinate values. The program default is-to provide a listing

of the available commands only when the user types COMands.

2.25



CORGEN MASTER COMMANDS

COMMANDS..:

(COMM)ANDS LISTING
(HELP)
(NODE) DATA
(ELEM)ENT DATA
(GROU)P DATA
(SAVE) MODEL
(REST)ORE MODEL
(COOR )D INATE SYSTEM
(INTE)RPOLATE DATA
(DISP)LAY VALUES
(FINI)SH MODEL
(THIC)KNESS
(STOP)

Figure 2.15. Master Conmands for CORGEN.

r
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2.3.3 COpDIATwr SYSTEM

Three automatic coordinate transformations are built into

CORCGEI. The Cartesian (rectilinear) coordinate system i-

1,j't, in ut as (P,P1I,r'K'r"'A) where P is the radius of a snhere and

T,!YrTA and PT!I represent annles in decrees, locatinq the points on

a spherical surface. Cylindrical coordinates conversion is also
available for nodel data defined by (R,frTrA,Z) coordinates,

where R is the radius from the center of a cylinder, TIEPTA is

the angle in deqrees of the point about the circular axis and Z

defines the lonrTitudinal distance along the cylinder axis. The

three coordinate systems are illustrated in Fiqure 2.16. r"he

COORdinate command selects the current coordinate system until a

new one is specified.

The user is queried if coordinate translations of data from

the oriqin are desired whenever the COORdinate command is executed.

The translation values will remain in effect until chanced or

disabled bv aqain executinq the COORdinate command. Coordinate

translations are specified as positive or neqative macnitudes to

direct the node in the X, Y and Z directions resnectivelv. The

translations are applied to input coordinate data after the coor-

dinate transformations.

2.3.4 DI7ITI%1.? DATA COMIAID

DIWItize is an input command desiqned for dicitizini

nodes and element connectivity utilizinn loftina planes

oriented arbitrarily in three dimensional space. nata may

be input to CORC!'?' in the form of diritized noints from

sources such as loftine drawinqs.

The nmCTtize command is currenty implemented to operate
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a. Right-handed Cartesian Coordinate System Definition (X, Y, Z)

19 
\

b Right-handed Spherical Coordinate System Definition (R, c0, Q)

YI

I

c. Right-handed Cylindrical Coordinate System Definition (R, 8, Z)

CORGEN COORDINATE SYSTEMS
Figure 2.16. Right Handed Cartesian (X,Y,Z) Coordinate System;

Right Handed Spherical (R, ,8) Coordinate System;
Right Handed Cylindrical (R,e,Z) Coordinate System.
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*with Tektronix qranhics tablets, terminal (cross-hair) screen

* cursors, or terminals that emulate Tektronix qraphics terminals.

The command uses both comnand prompt and question/answer

techniques to establish the dicyitizinq area. The user will be

,. prompted initially for input to identify the tyre of eraphics

terminal beinq used; the type of diq itizinn to be done (screen

cursor or tablet); the location of a menu area if one is desired;

the definition of a loftinq plane; and the orientation of the

• dravinn to be dioitize-i on the tablet. Once these initial iters

" are defined the user is recuired to heein digitizing coordinate

points. After the user has completed input of points for the

*. first loftinq plane, a menu of command options is disnlaed to

*allow the user to redefine the loftinq plane; add, move or delete

nodes; create or edit elements; or to reset default values of

parameters such as layer thicknesses or coordinate translations.

Fiqure 2.17 illustrates the initialization information required.

U.hen the user selects the tablet input option, the pronram

i must recauest information to locate the model on the tablet and to

set a user coordinate system independent from that on the tablet.

In this case the user must first ditlitize the point that will

- represent the origin (0,0) of the first drawinq to be input.

This point is followed by a second dirtitized point which should

define the maximum point alonq the tUSFR'S horizonta' axis.

The user should note that the user's horizontal and vertical

* axes do not need to alinn with the tablet (or terminal) hori-

zontal axes as the pronram will provide the appropriate coor-

* dinate translations.

An optional 'menu' area is allowed to facilitate proqram

execution. This menu consists of 16 blocks arranged in a 4 b, A

matrix as illustrated in Fiqure 2.18. When the menu area ontion

is selected it allows the user to nuickly exit the diqitizinn

mode or to easily undo any operation the user may have notI
really wanted to perform. In addition, the menu area can he ised

to desionate any one of up to nine different nredefined thickness

2.29
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PLOTTING PACKAGES:
1 - DI-3000

2 - TEK PLOT!O
3 - NO PACKAGE
ENTER PACKAGE TYPE (1-3) ....: 2
TERMINAL TYPES:

1 - NONGRAPHICS
2 - TEK 4006
3 - TEK 4010, 4012, 4052
4 - TEK 4014, 4016
5 - TEK 4014 EG
6 - TEK 4114

ENTER TERMINAL TYPE...: 5
DIGITIZER TYPES:

1 - TERMINAL W/CURSOR
2 - TERMINAL W/TABLET
3 - TABLET STAND-ALONE

ENTER DIGITIZER TYPE (1-3) ....: 2

ESTABLISH A TABLET MENU AREA FOR
CONTROLLING DIGITIZING? (Y,N)..: Y

THE USER MUST DIGITIZE THE LOWER
LEFT AND UPPER RIGHT CORNERS OF
THE TABLET MENU AREA, THEN ENTER
THE NUMBER OF HORIZONTAL AND
VERTICAL MENU OPTIONS AVAILABLE.
DIGITIZE THE LOWER LEFT MENU AREA..:

DIGITIZE THE UPPER RIGHT MENU AREA..:

TABLET - SET USER ORIGIN AND AXES
TO ORIENT THE MESH AXES ON THE
TABLET. THE USER MUST DIGITIZE
TWO POINTS - THE HORIZONTAL
ORIGIN OF THE MODEL, THEN THE
MAXIMUM HORIZONTAL VALUE ON THE
HORIZONTAL AXIS. THE USER-ASSIGNED
COORDINATES FOR THESE TWO POINTS
MUST THEN BE ENTERED TO PROPERLY
SCALE THE DIGITIZED DATA. DIGITIZE
THE ORIGIN OF THE HORIZONTAL AXIS.:
ENTER THE COORDINATES FOR THIS POINT(X,Y).: 0.,0.
DIGITIZE THE MAXIMUM HORIZONTAL POINT:
ENTER THE COORDINATES FOR THIS POINT(X,Y).: 100.,0.

Figure 2.17. DIGitize Command Initialization
Questions.
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SCALE IS: 1 USER UNIT = 65.300 UNITS.

THE CURRENT LOFT PLANE IS DEFINED
BY THE FOLLOWING VECTORS.:

Vi = ( 1.0000, 0.0000, 0.0000)
V2 = ( 0.0000, 0.0000, 0.0000)
V3 = ( 0.0000, 1.0000, 0.0000)
CHANGE THIS LOFT PLANE? (Y,N) ....: N

DO YOU WISH TO INPUT THICKNESS
VALUES?(Y,N) .... : Y

WHICH THICKNESS OPTION?
1 - INPUT A THICKNESS VALUE FOR EACH POINT
2 - SET ONE THICKNESS FOR ALL POINTS
3 - DEFINE LAYERED THICKNESS INDICES

ASSOCIATED WITH EACH POINT OR GROUP
" ENTER THICKNESS OPTION (1,3) .... : 2

ENTER THE OVERALL THICKNESS (>0) ....: 0.75

THE PICK TOLERANCE = 4.00
DO YOU WANT TO CHANGE IT? (Y,N).: N
USER MUST DIGITIZE NODES BEFORE ANY
OTHER COMMAND MAY BE EXECUTED.
DIGITIZE NODES. WHEN FINISHED
DIGITIZE THE 'R' CHARACTER IN
THE MENU BOX, OR DIGITIZE THEj -" SAME POINT 3 TIMES. DIGITIZE
THE 'D' TO DELETE THE LAST NODE
INPUT.

DISPLAYED POINTS ARE THOSE
ALREADY PLOTTED BY USER.
BEGIN DIGITIZING POINTS:
READY?--> Y

I

Figure 2.17. (Continued)
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Figure 2.18. DIGitize Command Menu Block.
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values to each node as it is diryitized, in lieu of predefininn
.""only a single thickness value for all nodes input. r.h e i16

blocks are defined to be:

PLClCK LAPFLT

CO."'ATn 1-9 0 R P P

tDIMlOn thickness none return return delete none

index last

(predefined) node

D Ir, r none none return return d el ete none

last

elerent

!Ol OP O not available - user oust dinitize the sane r.oint

three times to exit this command.

DEFLtOD none none return return restore none

last

node

-. U. U L none none return return restore none

last

e lement

LOF" -- not used --

. Note that the "0" and "R" blocks appear twice each in the

menu area, as shown in Figure 2.18. The menu area may be

located anywhere within the available digitizing area, and

may be set to any size which is convenient for the user. The

."
~2.33
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specified location of the menu area is (iven by first dici-

tizinq the lower left corner of the menu block, then dini-

tizina the upper right corner of the menu block. The procyran

will display the menu block when it enters the DIGnMD command.

Each time the DSPLAY command is executed the menu area will be

redrawn. To select any item in the menu area the user need

only place the dioitizinn stylus within the hlock surrounrding

the character desired.

A default lofting plane is defined which places the qlobal

(3-D) X axis along the local (2-D) Y axis (vertical screen);

. the qlobal Y axis lies alono the local X axis (horizontal screen

or tablet); and the elohal - axis is positive into the ter.inal

screen (away from the user). This is illustrated in Ficure 2.1).

The user may alter the lofting plane by specifying any three

noncollinear points that lie within the desired plane. The

LOFT command contains all further discussion of this ontion.

The user is given the option of specifying thickness values *
to be associated with each point input. Three options exist for

specifying the thickness values. First, the user may input a

thickness value for each point AS TIHEY ARE BEINO DICITIZEP.

The program will prompt the user for each coordinate thickness

value after it has been digitized. A second option allows the

user to specify a single thickness value to be assigned to all

nodes as they are diqitized. This single thickness value will

remain in effect until channed by the user with the TIICV,

command. The third option allows the user to define up to nine

different thickness values. These values are indexed in the

order the, are input to the program (e.g. first value = index 1)

4 and are referenced by their index value. Once a point is input

by the user, an index (menu area numbers 1-9) must then be
digitized to define the thickness at that node.

To comnlete the initialization, the program displays the

current pick tolerance (resolution) in user units and queries
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the user if a change is desired. A smaller pick tolerance

will require the user to be more exact in selecting nodes or

elements for editinq or deleting. It is recommended that the

user select a smaller tolerance if the coordinates to be input

lie relatively close to each other (i.e. within 5% total distance).

Once the initialization is completed the progran wlill

automatically execute the PIC.*1OP command. The DicTor) co--an

ma be exited at any time into the command mode. Pinure 2.20

lists the various commands available in DlrItize and a list

of the PFFI command output. fach command is discussed helow.

niTrio allows the user to specify the input of points.

The user also must define a thickness value for each point input.

As discussed above there are several options that allow the user

to select a constant thickness value for all points; to specify

via the keyboard a different thickness for each point in!pt; or

a means of specifying two to nine thickness and digitizinc! the

index of one of those to associate with the current point. The

user must have selected the menu option in order to use the indexed

thickness values options. Once the user has defined enough nodes

2he may exit by diqitizinc7 the same point three times in succession

or by picking the 'RI or 'E' blocks in the menu area. If, at

any time, the user wishes to delete the last node entered,

simply digitize the 'D' block in the menu area. Repeated use

of the 'D' block will continue to delete nodes from the highest

numbered node down.

The DICLF command allows the user to specify element

connectivity either by keyboard input or by pickinq currently

4 defined nodes with the diqitizer. At least four nodes must be

specified to create an element and as many as nine nodes may

be given. Should the user desire to utilize the diaitizer to

delete elements, then at least five nodes must be given v;here

4 the fifth node corresponds to local node number 9. fiqure 2.21

illustrates the order nodes are to be given to define an element
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,"m ENTER COMMAND: HELP

CONTROL COMMANDS

COMMAND FUNCTION

DIGNOD - DIGITIZE NODES (REQUIRED FIRST)

DIGELE - DIGITIZE ELEMENT CONNECTIVITY

DELNOD - DELETE A NODE

DELELE - DELETE AN ELEMENT

DSPLAY - DISPLAY ALL DIGITIZED POINTS

HELP - PRINTS THIS LIST

MENU - CHANGE MENU LOCATION

02!MOVNOD - MOVE A NODE TO A NEW POSITION

LOFT - DEFINE A NEW LOFTING PLANE

SAVE - SAVE MODEL DATA

STOP - STOP PROGRAM

Figure 2.20. DIGitize Command HELP Feature.
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Figure 2. 21. Biquadratic Surface Element. Generated in CORGEN.
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either by keyboard or by diqitizer. All four corner nodes are

required to define each element, while the remaining five nodes

- are optional. The user must specify the highest local node

number to be defined as the total number of nodes to he riven

for an element connectivity!. For example, if the user wishes to

give 5 node numbers to define an element, but have then corre-

spond to local node locations 1-A and 9, the connectivity list

will be 1,2,3,4,0,0,0,0,5 where all intermediate nodes that are

not defined must be set to 0. If only 4 nodes are to be given

the user may just specify those 4 and the rest ;ill be set to 0.

To exit from the DICrTL command the user may digitize the same

point three times or pick the 'R' or 'C' blocks in the menu

area (if the diritize option is selected).

2.3.5 DISPLAY VALUES

The user may execute the DISPlay command to obtain information

concerning the status of the model beinn defined and user defin-

able parameters that affect model data definition. Figure 2.22

illustrates the output provided by the DISPlay command. All model

parameter values are calculated in response to the command, so

repeated use of the command can be wasteful. COROFT will automat-

ically provide this information before program termination.

2.3.6 MI11MEIT DATA

The ELEMent command provides the user with capabilities for

implementing the mesh neneration features of CORC'17. Options

exist for selecting alternate groups of nodes to be utilized in

the element generator or for the user to enter new elements

directly from the keyboard. Editing features are provided which

allow the user to alter nodes specified in element connectivity

or to renlace or delete elements. Flements can be listed by the

selection of a range. Figure 2.23 illustrates the command options

-available with the TfLr ;ent command. The nine node hiquadratic
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MODEL SUMMARY DATA:

NUMBER OF NODES DEFINED ........
HIGHEST NUMBERED NODE ..........
NUMBER OF UNDEFINED NODES ..... :.

NUMBER OF GROUPS DEFTNED .......
HIGHEST GROUP DEFINED ........ :
NUMBER OF UNDEFINED GROUPS....:

NUMBER OF ELEMENTS DEFINED .... ;
HIGHEST ELEMENT DEFINED........ :
NUMBER OF UNDEFINED ELEMENTS..;

NUMBER OF ELEMENT REFERENCES
TO UNDEFINED NODES ............

Figure 2.22. DISPlay Command Output listing

2.4
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ELEMENT - specify element generation editing

ALTER - change element connectivity

GENERATE - generate elements using selected groups

FILE - input element connectivity from file

KEYBOARD - input element connectivity from keyboard

HELP - help user

INTERPOLATE - refine mesh by interpolation

LIST - list elements

DELETE - delete elements

TABLE - give sunary of element statistics

Figure 2.23. ELEMent Command Options.

-4
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element illustrated in Fiqure 2.21 is the element type qenerated

by the ELErlent command. The program allows the user to specify

element connectivity directly, however, the user must specify --

elements that correspond to the local node numbering given in

•irture 2.21 for the quadratic surface element.

If the INTErpolate option has not been invoked at the ti'le

elements are qenerated, CORGEN permits all existino nodal data to

be interpolated (refined) in both surface directions) prior to

* generating elements. Invoking the interpolation option at this

time produces twice as many elements in each direction (refinement

*- may also be postponed until PREP is executed; see Subsection 4.1).

2.3.7 FINIS1! MODEL

Once the model nodal coordinate data has been input properly

to form appropriate groups, the user may select the rlrIsh

command to complete all element qeneration and preprocessor

functions to conclude the program. This command will access the

current qroups list whether established by default or selected

by the user, and invoke any necessary interpolatic-- -Nce-ures

before executinn the elFrient rierator. T7he comnanr, writen an

unformatted data file which the user may input directly to the

EXPAND module to obtain the 3-D solid element model needed for

input to the PRP procram. This command will provide a listing

of the model parameters illustrated in Fieiure 2.22 once the

model has been completed. Included in this listinn will be the

file number containi'no the current model data. The CTOP command

has the same effect as FINIsh.
'4

2.3.8 CROUP DATA

"'roups are emploied by CORC-fl as an intermediate ormani-a-

tional structure to facilitate element generation. Thn CorTp"
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command options, illustrated in Fioure 2.24, allow the user to

alter the node ranqes defined in the rTroups, to list defined

qroups, to select alternative qrours or order of qrouns for

element qeneration and to define new riroups for use in elerent

neneration or new node interpolation. The concept of the qroup

consistinn of cross-sections of some model, nrecludes the

definition of any node in more than one oroup snecified for

element qeneration. The user may, hoever, create new orours

with existinq nodes for the purposes of interrolatina new nodes.

The ne; qrouns may contain greater or fewier nodes than the

orininal oroups and will replace the oriqinal oroup sent to 4n

the interpolation.

CORrrrl provides interactive prompts to insure that the user

properly defines new qroups or makes valid changes to existinn

groups. Oroups are defined by a beqinninq node, an ending node

and a oroup desiqnator. The oroup desiqnator assists the user

in keepinq track of how the qrouios were created. Table 2.2

lists the different qroup desiInators that are assigned and

- defines their meanings. The current options for CORCV'7 assume

that the user is able to always input or oenerate nodes such

that functionally related nodes are adjacent to one another.

Special cases may arise where the user must specify random lists

of nodes for interpolation to yield a new Iroup with the proper

characteristics for the model to be defined.

2.3.9 IITTFRPOLATF nATA

c (, Trr provides the user with a means of creatino neow

coordinates based on the model data provided. The riTrrrolate

command allows users to input either a orour of nodes or a list

of nodes to use for the creation of new nodes. The input for

the interpolation procedures renuests the user to specify what

nodes or group to use and how many nodes the new oroup heinn

- ". created should have. CORCflI will interpolate the liven nodes

2.43



- GROUP - select group specification and editing

ALTER - change group composition

INTERPOLATE - generate nodes with selected group

U KEYBOARD - keyboard input of group composition

HELP - help user

LIST - list groups
' - DELETE - delete groups

TABLE - give summary of group statistics

-°.

. Figure 2.24. GROUP Command Options.

2.44.
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TABLE 2.2 - CORGEN GROUP DESIGNATORS

Groups will be labelled depending on the type of input
used to define the nodes to the program. The following
group designators are used:

A - arc generator
C - curve generator
D - deleted group
F - file input
I - interpolated
K - keyboard input
L - line generator
S - screen digitizer
T - tablet digitizer
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and provide a new iroup of nodes if no qrour was specified or

it will overwrite the qrouo that was qiven as input. The two

end point nodes of the oroup will be included in the new nroun

to insure the mod!el boundaries are not affected. "Thile the new

qroup will replace the old qroup, new node numbers must be

-enerated for the nodes created by interpolation. These new

actual nodal coordinates used to do the interpolation are in no

wav affected by the qeneration of new nodes.

2.3.10 flODE DATA

CORCE?1 is structured to provide the user with several node

input features which operate independently and concurrently.

The user may access a FIT input of nodal data, then enter the

YF'Y,.oard option to add additional coordinate data. In addition,

the diaitizinq command may be executed at any time to add loftinq

type data coordinates. The node input routines will prompt the V

user to declare how many nodes are to be included in the next

aroup. If appropriate, the user also will be asked to specify

how many qroups are to be created before proqram control will be

returned to the user. The input routine will then create or

input enouqh nodes to ecual the number of nodes per qroup tines

the number of oroups. The qroups created may then be utilized

to create other nroups of nodes or to specify how nodes should

be orqanized for element qeneration. Ficiure 2.25 lists the

options for the IOMr command.

All nodal coordinate data is stored as four values. Upon

* input to CORCOMJ all data is converted to rectilinear coordinates

and stored as (X,Y,Z) triples for each coordinate location. In

addition, a thickness parameter is associated with each coor-

dinate set for use in FXPIAtMinq the surface mrodel to a solid

*a model prior to use by the PREP preprocessor. The user may

specif, a default thickness value which will be anpended to all
2.I
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* NODE

ALTER -change nodal attributes

GENERATE - create new nodes using automatic generators

FILE - input nodes from a file

KEYBOARD - input nodes from keyboard

HELP - help user

LIST - list nodes

DELETE - delete nodes

TABLE - provide a table of nodal statistics

A06EINTERPOLATE - create new nodes via interpolation

Figure 2.25. NODE Command Options.
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the coordinate data input until the user resets it. The ATt rEr

Soption also permits the user considerable flexibility in making

changes to attributes (e.g. - X,Y,Z,T!ICK) of a ranqe, list or

qroup of nodes. !Iew nodes may be input to CORCFlII via the AUTTr

mode, however, all nodes entered in this fashion will be placed

in a sinqle new group. A new qroup will he created each time

the user leaves the sinqle node edit option and one or nore

previously undefined nodes were entered.

KrYTIoard input of nodes allows the user to input norles in

coordinate triples plus a thickness value. Any coordinate

transformation can be specified for the data as well as a

K. separate coordinate translation. Loftinq planes cannot he used

with the keyboard input. All data for KEYfoard input is read

format-free, meaninq the user may type the data bv separatin-i

each value with a comma or blank.

FILE input provides the user with a convenient means to

input coordinate data already available on cards, tapes or

disk files. The user may input data as coordinate triples

plus a thickness value or may select to snecify a default

thickness and just input the coordinate triples. Aciain, the

coordinate transformations nay be selected for spherical or

cylindrical coordinates if necessary. The user must he

careful to specify how many nroups are to be constructed by

the current RrAn option. The command will request th . user

to specify the number of nodes that are to be included in

each qroup being built then the number of nroups to he

constructed. The number of nodes on the file must be at

least the number of nodes per qroup times the number of oroups

to build.

The DIltize command allows the user to create diqitizinn

planes arbitrarily loca-ted in three-dimensional space. The

diqitizinq planes are defined either by providinn the ecuation
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of the plane, three non-collinear points or three nodes

currently defined that lie within the plane. Once the lofting

-E plane has been defined the user may beqin diqitizino coor-

dinates into qroups, where each loft plane will qenerally

correspond to a separate group. The command assumes a

Cartesian coordinate system for all dinitizin7, althouqh the

user may select coordinate translations to perform on the

data prior to the transformation from the linitizinci plane to

qlobal coordinates. The user may exit the diqitizinq mode in

,- two ways, one is to select the menu option and diqitize the

EXIT option in the menu area. The second manner is to

diriitize the same point three consecutive times. In the latter

case the last three noints will all be lost.

2.3.11 RESTORE DATA

-Data that has been previously generated by CORC lH, AMRID or

0 SPATCH in the unformatted, surface model file structure may be

submitted to the CORCrET proqram with the RESTore command. This

command will cause the current model in the CORGEU system to be

deleted and the new model to replace it. Once the command has

been issued the user will be prompted to input the appropriate

data file specifier (see Appendix C for valid file naes). CORGTT

will then input the new nodes and elements and create qrouns for

user convenience.

2.3.12 SAV DATA

Data input to CORCE ?T or created by CORCCT may be saved at any

time by the user with the SAVr command. This command will cause

all currently defined nodal coordinate data, element connectivity

data and 1roups specification data to he written to an unformatted

surface model data file.
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2.3.13 STOP PROGRAM

The STOP command will terminate CORGEN program execution.

". Program processing flags will be checked to insure the user has

* not overlooked any of the crucial operations necessary for model

*i generation. If any phases of model development have not been

accomplished the program will perform any operations that are

* necessary to produce a complete model file.

-.
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2.4 AGRID - Arbitrary Arrays of Points Mesh Input

The AGRID data entry program is designed for use with data
that is unsuitable for use with the remaining data input modules,

usually due to a lack of order within the geometric data itself.

AGRID can accept a virtually arbitrary collection of point coor-

dinates which lie on a surface of interest, and generate a regular

grid of mesh points which define a smooth surface passing through

the given data.

The method of surface-fitting used within AGRID is based upon

*a minimum-curvature criterion, by which the given data (in the

* form of point coordinates X, Y, Z) is used to define a continuous

". surface Z = Z(X,Y) which exhibits a minimal amount of oscillation
* between the known points. In particular, the final surface is

represented by a grid of piecewise bicubic functions whose coef-

ficients are determined by minimizing the curvature functional

=f [ 2~ + Z2 + (Z Z -z2  fldx dy (2.2)
Af IXyy ,Xx , yy Ixyj

which reflects both the mean and Gaussian curvatures of the

surface. The minimization is carried out by solving a small

finite element problem, in which each bicubic segment of the

surface corresponds to a single finite element.

K

Figures 2.26 through 2.28 illustrate the AGRID solution pro-

cedure. The known points lying on the surface to be defined are

7 enclosed within a rectangular region which will form a temporary

grid for interpolation (Figure 2.26). A mesh of 'interpolation

elements' is defined by specifying the series of X (or Y) coor-

dinates at which mesh points are to be positioned, as shown in

i . Figure 2.27. The mesh size and refinement are arbitrary, but

more divisions would normally be used in those regions containing
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the largest number of prescribed coordinates or exhibiting the

S, most changes in curvature. The coordinates of known points on

the surface are then specified; these may be located anywhere

within the interpolation grid, but not outside it. Finally, a

set of boundaries is defined which outline the true limits of

the surface mesh to be generated, and the number of surface

elements to be generated along each direction of the final mesh

is specified. The projection of these boundary curves on the

(X,Y) plane is a straight-sided quadrilateral, as shown in

Figure 2.28. The result of this procedure is a mesh of surface

elements (see, for example, Figure 2.2) and coordinates, suitable

for input to EXPAND.

The necessary input to AGRID is summarized in Table 2.3.
This data is normally saved on a file (local file INGEOM, on CDC

ma machines) arranged in free format, with spaces or commas

delimiting separate items of data within a record. The output

U from AGRID, in addition to a minor amount of printed output, is

in the form of the shell surface geometry file described in

Subsection 6.1 and in Appendix A.

It should be observed that AGRID is based upon an empirical

means of interpolation, due to the generality of the data which

can be accepted. In return for this generality, a compromise in

the quality of the interpolation can result if the amount of data

given is insufficient to define the surface with a fair degree of

* accuracy. For example, the specification of three data points to

AGRID will always result in the generation of a planar surface,

even if the intended result is a curvilinear surface; four points

will generate a warped surface with small mean curvatures. When

the local changes in curvature are significant, sufficient data

must be specified to make them evident to the generator. If this

advice is followed, AGRID is capable of producing very nice

results from the most disorganized data.
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TABLE 2.3 - AGRID Data Input

RECORD VARIABLE DESCRIPTION

1 NXINT Number of X-stations in rectangular interpolation
grid

NYINT Number of Y-stations in rectangular interpolation
grid

NSPEC Number of prescribed coordinate values to be given

2 X(NXINT) Array of X-station values, in ascending oreer

3 Y(NYINT) Array of Y-station values, in ascending order

4 XVAL X-Coordinate for presc'ribed point
YVAL Y-Coordinate for prescribed point
ITYPE Type of value prescribed

(=1 for Z, =2 for dZ/dX, =3 for dZ/dY)
VALUE Value of Z, dZ/dX, or dZ/dY at point (XVALYVAL)

<<< Repeat record 4 for each prescribed point (NSPEC times) >

5 XOUT(4) X-Coordinates of corner points of output grid

6 YOUT(4) Y-Coordinates of corner points of output grid

-7 NELl Number of elements in output grid, along edge 1-2
NEL2 Number of elements in output grid, along edge 2-3

8 THICK Uniform thickness value for use in EXPAND
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- 2.5 SPATCH - Surface Patch Geometry Input

Recently, many interactive surface design systems have
adopted the bicubic patch as a basis for geometric description.

The SPATCH utility is a special-purpose conversion program which,

with the aid of a few simple user-written subroutines, allows

the translation of bicubic surface patch data into the

- preprocessor data format.

With the type of surface patch considered in SPATCH, all

three Cartesian coordinates X, Y, Z are described as parametric

functions of two natural coordinates (u,v),

X = X (u,v)

Y = Y (uv) (2.2)

Z = Z (uv)

where u and v each vary between zero and one. The most common

form of storing the surface patch data is in arrays having the

form [7]

x x x X
00 01 vOO vol

X10 X11 XvlO Xvi (2.3)

x 00x u x UVOx uXuOO Xu61 uvOO Xuv01

x x X x
ulO ull uvlO uvll

for each of the coordinates X, Y, Z. The indices (o,1) refer to

the values of u and v respectively, and subscripts u, v denote
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parametric derivatives of the coordinate in question. For

ii example, Xvlo is the value of dX/dv at u=l and v=o.

SPATCH permits surfaces described in the form of a collection

of such patches to be translated into an assemblage of biquadratic

surface elements (see Subsection 2.1, Figure 2.2) suitable for input

to EXPAND. The input to SPATCH is performed through a user-written

subroutine, since the actual storage of the surface patch data may

taken on a number of different forms. The user routine has the form

SUBROUTINE UPATCH (PATCH, THICK, NU, NV, ICOUNT, IEND)

DIMENSION PATCH(4,4,3)

< code to read surface patch data >

RETURN

END

The exact meanings of all formal parameters and other special
requirements are discussed in Appendix E. Each surface patch

(described by the coefficients in array PATCH) may be divided

into one or more nine-node surface elements, as determined by

the parameters NU and NV.

Two additional user-written subroutines are provided for in

SPATCH, to permit opening and/or positioning of the patch data
file prior to entering UPATCH, and closing of the file upon

completion. These two routines will generally be necessary only

in the VAX version of SPATCH, or in the event that other, extra-

neous data precedes the surface patch data on the file to be

accessed. These two file control subroutines, UOPEN and UCLOSE,

are also described in Appendix E.
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wSECTION 3

PREPROCESSOR INTERFACE MODULES

The translation of existing finite element model data into

the standard preprocessor format is accomplished using special-

purpose data translation utilities, each one corresponding to a

specific pair of data formats. Conversion of modelling data

into the standard PREP format is currently possible for two data

file types: *

- MAGNA [4) finita element data deck; and

- IMPRESS [3J preprocessor database.

: These two data conversion utilities are described in subsections

3.1 and 3.2, respectively.

In addition to the special-purpose translation programs
mentioned above, a set of general-purpose utility subroutines

exist for the purpose of converting finite element data in other

external formats. These general interface routines are the

subject of subsection 3.3.

*Conversions to and from the PREP file format can also be

performed using the NEUTRAL interface program (Section 5).
NEUTRAL is used primarily for archival of data in

formatted form.
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3.1 TRNSFR - MAGNA INPUT DATA TRANSLATOR

The TRNSFR data translator accepts as input the standard data

deck recognized by the MAGNA finite-element program [4]. Only the

nodal coordinates and element connectivity data, which represents

the bulk of the model information, are converted to the pre-

processor internal format. All of the standard MAGNA element

types are supported by TRNSFR7 these include:

- truss (bar) elements, with two nodes per element,
- beam elements, with two or three nodes per element,
- plane stress, plane strain and shear panel elements

having from four to nine nodes per element,
- axisymnetric elements with four to nine nodes,
- the MAGNA thin shell elements, with eight or sixteen 0 .

vertex nodes, and
- three-dimensional solids, with from eight to 27 nodes.

TRNSFR is capable of accepting all of the incremental node point
and element generating sequences possible with the MAGNA program.

Execution of TRNSFR is quite simple (see Appendix C). On CDC
computers, the MAGNA input deck must be attached as a local file
prior to execution, while on the VAX 11/780, the data file name is
prompted by the program. No further input or action is required
of the user, other than saving the generated preprocessor data

file.

3.2
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3.2 IMPRINT - IMPRESS PREPROCESSOR INTERFACE

IMPRESS is the main preprocessing program of a finite element

data generation system consisting of three distinct programs

(IMPRESS, INTRPOS, and IMPACT), all of which are described in

Reference [3]. The modelling features available in IMPRESS

include a flexible area-outlining approach to geometry definition,

and the automatic calculation of intersection curves for planar,

°" cylindrical and spherical shapes. Both two- and three-dimensional

geometric models may be prepared with the program.

Finite element data originally generated using IMPRESS can be

converted for use with the present preprocessor by means of the

IMPRINT translator. IMPRINT is a collection of conversion

routines which can be used as the output overlay of the IMPRESS

data base access program INTRPOS. The IMPRINT overlay is merged

with INTRPOS using the control statement sequence described in

* Appendix I of Reference [33. When INTRPOS is executed, the data

S..conversion procedure is invoked by entering

PREPARE RAW

Upon completion of the data conversion, the END directive can be

*used to exit INTRPOS. The converted finite element data is

written to the local data file TAPE9, which should be saved

*" following execution of the program.

I
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Table 3.1 summarizes the IMPRESS data types, and indicates

those which are supported by the IMPRINT utility.

TABLe 3.1 - IMPRESS Data Types

IMPRESS Data Type Supported by IMPRINT

- Nodal Coordinates YES
- Skewed Coordinate Systems NO
- Boundary Conditions YES
- Master / Slave Constraints NO
- Prescribed Displacements NO
- Element Connectivity YES
- Element Property Codes YES
- Eeam Section Properties NO
- Concentrated Springs / Masses NO
- Nodal Concentrated Forces YES
- Multiple Loading Sets YES

3.4



3.3 GENERAL-PURPOSE INTERFACE ROUTINES

A collection of general-purpose translation routines has been
developed to facilitate the conversion of foreign data formats to

the standard internal format of the present preprocessor. To use

* these interface routines, the user must write a small driver

program which reads the data to be converted, and sends it to the

translation subroutines for consistency checking and output.

* •Seven utility routines are available:

1. INICNV - Initialization routine

2. NODCNV - Nodal data conversion

3. ELECNV - Element data conversion

4. BCDCNV - Bourndary condition data conversion

5. NLDCNV - Nodal loads data conversion

6. ELDCNV - Element distributed loads data conversion

7. TRMCNV - Termination routine.

These interface routines are described in detail in Tables 3.2

through 3.8.

It is important to note that logical unit 50 must be reserved

for output by the interface routines, and should not be modified

by the calling program. On CDC machines, the file TAPE50 must be

declared on the PROGRAM card, with a minimum buffer length of 512

words. For the VAX version of the conversion routines, the output

4

3.5



TABLE 3.2

INICNV -Initialization Subroutine

r PURPOSE -Define the number of data entries to be made in the

file, and initialize internal parameter values.

ACCESS -CALL INICNV (NUMNP,NUMEL,NUMBC,NUMNL,NUMEF)

PARAMETERS-

NUMNP (input) - Number of nodal points in the model
NUMEL (input) - Number of finite elunents
NUMBC (input) - Number of boundary condition

specifications -

NUMNL (input) - Number of nodal loads specifications
NUMZF .(input) - Number of element loads specifications

NOTES -(1) This subroutine must be called before any of the
other data translation routines are called.

(2) Nodal points must be numbered from 1 through N1JMNP.
(3) Each boundary condition specification may consist of

a range of nodes (first, la'st, increment) all having
the same constraints applied.

(4) Each nodal load specification may consist of a range
of nodes (first, last, incremaent) and three
components of force (X, Y, Z) which apply to all
nodes in the sequence.

(5) Each element load specification may consist of a
range of elements (first, last, increment) and a
loading type and value which apply to all elements
in the range.
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TABLE 3.3

NODCITV - Nodal Coordinate Conversion Subroutine

PURPOSE - Process coordinate data for a single node point of the
V ' model

ACCESS - CALL NODCNV (NODE,X,Y,Z)

PARAMETERS

NODE (input) - Node point sequence number
X (input) - Cartesian X-Coordinate

(input) - Cartesian Y-Coordinate
.Z (input) - Cartesian Z-Coordinate

NOTES - (1) Node points must be transmitted to NODCNV sequen-
tially, with all node numbers between 1 and NUMNP.

(2) Node coordinates must be defined prior to defining
elements, boundary conditions or loading data.

3.7
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TABLE 3.4

ELECNV - Element Data Conversion Subroutine

PURPOSE - Processes a single finite element of the model.

ACCESS - CALL ELECNV (IELNUM,MATLNO,IDIMEN,MAXNOD,NCON)

PARAMETERS -

IELNUM (input) - Element number (arbitrary)
MATLNO (input) - Material number (optional)
IDIMEN (input) - Dimensionality of the element (1,2,3)
MAXNOD (input) --Maximum local node number
NCON (input) - List of connected nodes

NOTES - ()If the material number is to be ignored, set M.ATLNO=0.
(2) MAXNOD should lie within the following ranges:

MAXOD = 2 - One-dimensional elements;
MAXNOD = 4 - 9 - Two-dimensional elements; and
MAXNOD = 8 - 27 - Three-dimensional elements.

(3) The length of the connection array NCON is determined
by MAXNOD. If variable-number-of-nodes elements are
used, intermediate entries for which no node ex.sts
must be entered as zeroes.

(4) The conventions for node numbering in all element
types are shown in Figures 2.1 and 2.2.

. 3.
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TABLE 3.5

BCDCNV - Boundary Condition Conversion Subroutine

PURPOSE - Processes a single boundary condition specification.

ACCESS - CALL BCDCNV (ISTART,IEND,INCR,IX,IY,IZ)

PARAMETERS -

ISTART (input) - First node in the sequence
IEND (input) - Last node in the sequence
INCR (input) - Node number increment
IX (input) - X-Direction constraint code (0,1)
IY (input) - Y-Direction constraint code (0,1)
IZ (input) - Z-Direction constraint code (0,1)

• NOTES (1) The specified constraints will be applied at nodes
ISTART, (ISTART+INCR), (ISTART+2*INCR), ..a , IEND.
If a single node is to be constrained, IEND and INCR
may be set to zero; however, they must appear in the
calling statement.

(2) IX, IY, and IZ are defined as zero if motion is
permitted in the X, Y, or Z directions, respectively.
Constraints are specified by IX, IY, or IZ = 1 as
appropriate.
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TABLE 3.6

NLDCNV - Nodal Loads Conversion Subroutine

PURPOSE - Processes a single nodal loading specification.

ACCESS - CALL NLDCNV (ISTART,IENDINCR,FX,FY,FZ,ICASE)

PARAMETERS

ISTART (input) - First node number in sequence
IEND (input) - Last node number in sequence
INCR (input) - Node number increment
FX (input) - X-Direction force component
FY (input) - Y-Direction force component
FZ (input) - Z-Direction force component
ICASE (input) - Load case or group number

NOTES - (1) The range of nodes to receive the specified load is
defined exectly as in the boundary condition data;
when only a single node is to be loaded, IEND and
INCR may be set to zero.

(2) Any integer val.ue may be ured for the load case
number.

3.10
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TABLE 3.7

ELDCNV - Element Loads Conversion Subroutine

PURPOSE - Processes a single distributed element load specifi-
cation.

ACCESS - CALL ELDCNV (ISTART,IEND,INCR,ITYPE,ICASE,FORCE)

PARAMETERS -

ISTART (input) - First element number in sequence
IEND (input) - Last element number in sequence
INCR (input) - Element number increment
ITYPE (input) - Loading type/- direction/ surface code
ICASE (input) - Load case or group number
FORCE (input) - Loading magnitude

NOTES (i) Element ranges are defined similarly to the nodal
ranges for boundary conditions and nodal loads. If
a single element is to be loaded, IEND and INCR may
be set to zero, but they must appear in the calling
statement.

(2) ITYPE is defined as follows:

ITYPE = -1, -2, -3 signifies a body force (force
per unit volume) in the X, Y, or Z
direction, respectively.

ITYPE = 1, 2, , 6 denotes a surface pressure
on element faces 1, 2, ... , 6, respectively,
for three-dimensional elements (IDIMEN=3).

ITYPE = 1, 2, 3, 4 represents a line load (force
per unit length) on the corresponding edge
of a two-dimensional element (IDIMEN=2).
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TABLE 3.8

TRMCNV -Termination Subroutine

PURPOSE -Checks for incomplete blocks of data, and closes the
generated data file.

ACCESS -CALL TRMCNV

* PARAMETE~RS - (none)

NOTES -(1) In the CDC version of the .termination routine, the

output data file is rewound, but not returned.

3.12
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file generation is user-transparent, with the converted data being

written automatically to the file UNFMT.DAT. A labelled COMMON

block (COMMON /DATCNV/) is also used in the interface subroutines,

* and should not be modified by the user.

.3
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SECTION 4

MODEL VERIFICATION AND MODIFICATION

.I

Capabilities for developing a completed finite element model

from an initial geometric description are contained in the central

program, PREP. Typical operations performed within PREP are mesh

refinement, assignment of properties, constraints and loads, and

geometry plotting. In the following subsections, each modelling

operation available in the PREP preprocessor is described, and

typical sequences of operations are described which make the most

effective use of the program's capabilities.

The general mode of operation of the PREP module involves the

use of model data files, with up to 13 files being active at any

one time. Each file may be named for later reference. The

typical PREP operation then consists of the sequence

INPUT MODEL --- > (OPERATION) --- > OUTPUT MODEL

FILE(S) FILE(S)

For example, the user may wish to refine the finite element mesh

in a certain area of a model. Upon entering the command 'REFINE',

he is requested to enter the name of an existing model whose

element mesh is to be refined. PREP then requests additional

input to define those elements to be subdivided and the degree

of refinement, and generates a new model file (which is assigned

a new name) with the requested element refinement.

The input/output files for the PREP preprocessor are described

in Section 6.1 and in Appendix A. PREP is organized such that
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' data files may be manipulated in the program, saved on peripheral

storage, and reentered into PREP at a later time. This capability

: permits the generation of a model to be accomplished in several

sessions if necessary, and allows separate segments of the finite

"* element model to be prepared separately and combined when

complete.

The various modelling functions available in PREP are

described in Subsections 4.1 through 4.7; those utilities which

are useful in managing data files within the program are also

:% discussed in Subsection 4.1. Subsection 4.8 outlines some

suggested sequences of PREP operations which have proved to be

most effective in practice. Subsection 4.8 also contains an

*alphabetized listing of all PREP commands for quick reference.

4.2
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4.1 MODIFICATION / R.FITIEMEIT OF MODEL GEOMETRY

PREP operations which are provided for manipulation of the

geometry of a finite element model are:

- CREATE - build model from 'scratch' by user input;

- EDIT - alter coordinates and connectivity;

FILL - "enerate midside and interior node points;

- MASK - remove midside and interior node points;

- MERGE - combine two models with compatible qeometries;

- REFINE - subdivide finite elements to form a finer mesh;

- REFLECT - form the mirror imaqe of a model about a plane;

- ROTATE - rotate an entire model in three dimensions; and

- TRANSLATE - translate a model in three dimensions.

The CREATE and EDIT commands permit input, modification or dele-
tion of individual items of modelinq data. The remaining commands

are geometric operations, which alter either the coordinate data

or the element connection data for the entire model in question.

The effect of each of these commands, as well as the available

options for data input, are summarized in Tables 4.1 throuqh 4.7.

An example of each operation is qiven in the accompanyinq Fioures

*(4.1 throuh 4.4).

It is qenerally advisable to perform FILL and/or MASK opera-

*: tions at the beqinnini of a modelling session, particularly in

cases where an irreqular number of nodes has been used in the

initial qeneration of a model. An example in which REFINrE has

been used prior to FILL with such an irrenular mesh, is showin in

*[+ Figure 4.5; here the initial qeometry has been defined usinq

elements with only one midside node, and the effect of the RFFI'Ir

operation is disastrous. The remaininn functions (MERGE, REFI!NE,

*. REFLECT, ROTATE and TRA!SLATr) can normally be invoked in any

order as circumstances dictate.
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- TABLE 4.1 - The FILL Command

Command : FILL

Effect Generates midside and/or interior nodes to

create higher-order finite elements.

Number of Input Files 1

Number of Output Files: 1

Options : (1) All 3-D elements FILLed to 16, 20, 26 or 27 nodes
(2) All 2-D elements FILLed to 8 or 9 nodes

Related commands / options : MASK is an 'inverse' operation to FILL..

° Notes : This function does not preserve boundary condition and
loading data.

4
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TABLE 4.2 - The MASK Command

Command : MASK

Effect : Removes midside and / or interior nodes from elements.

Number of Input Files : 1

Number of Output Files 1

Options : (1) All 3-D elements MASKed to 8, 16, 20, 26 or 27 nodes
(2) All 2-D elements MASKed to 4, 8 or 9 nodes

" Related commands / optibns : FILL is an 'inverse' function to MASK.

Notes (1) FILL does not preserve constraint or loading data.
(2) Care should be taken in using MASK with curved

elements, since straight-sided elements will result
in many cases.

4.5
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TABLE 4.3 -The MERGE.Command

Command MERGe

Effect :Combines two models to form a single (output) model, with
coincident nodes equivalenced and resequenced.

Num~ber of Input Files : 2

Number of Output Files : I

ItI

Options :(None)

Related commands Ioptions :The TOLErance command can be used to
modify the distance tolerance used in
detecting coincident nodes.

Notes :MERGE does not preserve constraint or loading data.
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TABLE 4.4 - The REFINE Command

Command REFIne

Effect : Subdivides selected elements of a model to produce a
finer mesh for analysis.

Number of Input Files I

Number of Output Files : 1

Options (I) Up to 150 elements may be refined at one time.
The selection options include
- random element numbers
- ranges of elements (first, last, increment).

(2) Elements must be refined in one direction at a
time. The refinement direction follows the
natural coordinate directions of an element
(see Figure 4.3). The PLOT option ORIENT should
be used to determine the proper direction for
element re inement.

(3) From one to five 'cuts' may be made through each
element specified, resulting in from two to six
elements as output. The default option is equal
spacing of these cuts; by overriding the default,
cuts may be spaced at irregular intervals across
the elements.

Related commands / options : The PLOT utility can be used to
identify the correct element numbers for input to
REFINE (select the LABEL option), as well as the

Notes correct local directions (use the ORIENT option).

Notes REFINE does not preserve boundary condition or loading data.

Ii 2
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TABLE 4.5 - The REFLECT Command

Command - REFLect

Effect : Forms the mirror image of a model with respect to a

specified plane in three-dimensional space.

Number of Input Files : 1

Number of Output Files • 1

Options : The plane of reflection may be defined in two ways:

- Give the coefficients of Ax + By + Cz = D; for
example, the plane x = 5 has A = 1, B = 0, C = 0,
D =5.

- Define three non-collinear points which lie in the
plane.

Related commands / options : REFLECT is often used in conjunction
with MERGE to create a full model
from a symmetric one.

Notes • (None)

4.8.................... .......
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TABLE 4.6 - The ROTATE Command

Command : ROTAte

Effect : Performs a sequence of three rotations of a model in

space.

Number of Input Files : 1

Numbe.r of Output Files : 1

Options : (None)

Related commands / options : MERGE may be used following ROTATE
to generate a full model from one for which a single0! sector (e.g., in polar coordinates) has been defined.

Notes : Model rotations are always specified in degrees, and
are always performed in the order: X-rotation, then
Y-rotation, then Z-rotation.

.
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TABLE 4.7 - The TRANSLATE Command

Command : TRANslate

Effect : Performs a rigid-body translation of a model in space.

Number of Input Files : 1

Number of Output Files • 1

Options : (None)

Related commands / options : MERGE is useful in conjunction with
the TRANSLATE function when the geometry to be
generated is periodic.

Notes : (None)

4.10

6;"



FILL
MASK

Figure 4.1. FILL and MASK Operations.

4.11



44.1



Original .Element Boundaryp. - -- Refined Element Boundaries

Figure 4.3. Effect of the REFINE Cornarid.

4.13



S. TRANSLATE

.00
oo 1-

REFLECN>
.0

.P. Figure 4.4. REFLECT, ROTATE and TRANSLATE Options.

4.14



2. Figure 4 
F. ff,t of the 

REFINE OperatinPirt 
IL

4.15



In addition to the above qeometric modellinc functions, two

important auxiliary operations are included in PRrP to ensure the 2
correct qeneration of finite element data. They are

- SIFT - remove unused nodes from the model, and
r - TIDY - combine all coincident nodes into sinqle node points

with a unique node number.

For models qenerated usinl the present preprocessor, these two

* utilities should be transparent: SIFT is called automatically

*" followinq any MASK operation, and TInY is performed whenever the

FILL, V'ERCE, or REFITIP commands are executed. However, qeometric

data from other sources may contain unused and / or duplicate

nodes, in which case SIFT and TIDY may be executed as separate

operations. TwNo options are available in the TIDY operation:

OPT1 will qenerate correct results for any situation, hut always

requires more execution time; O.)T2 uses a qeometric partitioninq

of the model to reduce the complexity (and execution tine) of the

operation, but may fail in some instances due to storaqe limita-

tions. If the faster TIDY option fails, the OPTI version is in-

*. yoked and the user is informed of the situation.

It should be noted that any qeometric model may be listed

and / or plotted at any time durinq the session using the nRi"T

, and PLOT commands (Subsections 4.6 and 4.7). The PLOT onti.,
.rticularl, 0eoCul 'rfrre a TFI"fl onr -tion, t-o i' ntiC' -

lncal directions (R,S,7) within an element which are needed as

data for RFFIlfl (see the ORIECIT command, Subsection 4.6)

Additional auxiliary operations hich are useful in rananinei

O model data files durinci RFFllnent, PFR.CPinq and other operations

* include

- COP! - creates a copy of a model file, under a different name;

4i - n~'L, TrF - deletes the name of a model from the active !ist;

4.16



! ----, ,-: : i . . . . .. . ..- -- -.. .

- - ives a summary of all available commands, and further

-information on selected command1s if renuested;

- NAME - assiqns a user-defined name to a model file;

- LIST - lists the names of all active model files;

- TI T!f - prints the CP!T time elapsed since siqn-on; and

' - TORAICE - allows redefinition of the tolerances used in

detectinq coincident nodes in FILL, "rRC and RF!I',.

The I'EIP and LIST commands are particularly useful as reminrdern of

• operations which are available and of model files already created

durinq the session.

Features are provided in PREP to allow the creation of models

from 'scratch'. The CRrFT command provides a means for input of

nodal coordinates and element connectivity to define a model. The
m odel must he composed of 3-D solid elements containinq at least

8 nodes per element. The FRnIT feature allows the user to alter

* nodal coordinates or connectivity for any model in nPF. Thesce

0' commands are fully interactive and renuire all data to he entered

in 3-) coordinates.
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4.2 ELEMENT PROPERTIES SELECTION

Three facilities exist in PREP for the specification of finite

element properties:

- PROPerty - define element types, material codes and

numerical integration orders;

- SHELl - identify selected elements as thin shells; and

- CONTact - create surface contact elements from certain

surfaces of existing three-dimensional elements.

The PROPERTY directive is the usual means of defining the

pertinent property information for existing elements of the model.

Elements may be assigned properties in groups (all 2-D or all 3-D

elements, random lists of elements, or element ranges), with a

single set of property specifications applying to all elements

in the group. Elements may be defined as being:

Type 0 : Default (solid, plane stress, beam, or bar),

Type 1 : Thin shells,

Type 2 : Plane stress (membrane) elements,

Type 3 : Plane strain elements,

Type 4 : Axisymmetric solids,

Type 5 : Shear panels, or

Type 6 : Surface contact elements.

If no type is declared for an element, or if the number of nodes

is inappropriate for the type assigned, the default element type

for the existing nodal pattern will be assigned in the REFMT

module (see Subsection 5 1). Integration orders are treated

similarly, and generally the default values assigned in REFMT

are acceptable.

*4.18
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Material property codes may be assigned within the PROPerty
-.. utility, using material codes appearing in the material properties

library described in Appendix F. Materials data can also be

assigned within the REFMT processor, and existing material

coefficients may be edited as well (see Subsection 5.1).

01

The SHELL command performs a similar function to PROPERTY.

Selected elements may be redefined as being thin shells or three

dimensional solids, without specifying integration orders and

material property codes.

The function of CONTact is complementary to that of PROPERTY:

while the PROPERTY command allows existing elements to be defined

as special elements to be used in surface contact analysis (see

Reference [4]), CONTACT provides a means of creating new elements

which are immediately declared to be surface contact elements.

The new contact elements are created from specified faces of

existing three-dimensional solids.

One other function of the CONTACT command is to create

elements which lie on the faces of three-dimensional solids,

whose properties are subsequently redefined using the PROPERTY

command. This device can be useful when thin coatings (e.g.,

protective or damping layers) are to be applied over the surface

of shell or solid elements, with the coating layer(s) to be
treated as membrane (plane stress) finite elements.
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4.3 130TRIPARY CONDITIONS AND CNSTRA17TTS

Modal constraints may be applied to a finite element model in

PR7P usinct the BOLUhDS and LINEAR commands. Althouqh boundary con-

ditions na,, be defined, at any time durirnr the construction of a

model, it is advisable to complete most of the neometric mo-elino

operations, includinq node reorderine, before the constraints are

specified (see Subsection 4.8 for typical sequences of operations)

":ith the rOTIDS operation, honoqeneous nodal constraints (i.e. ,

udisplacement = 0) may be specified for irouns of nodes selected by

one of the followinc methods:

- select all nodes;

- select all nodes on a plane defined by Ax + .y + Cz = r; or

- select all nodes in a iiven ranqe (first, last, increment).

frach constraint definition beqins with the selection of one of the

above options (or selection of "no more boundary conditions"). 40'

PRCP then permits all of the selected points to be fixed in any

combination of the X, Y and Z directions. This cycle (select nodes,

define constraint direction) continues until the selection option

"no more boundary conditions" is specified. BOUNIDS may he used as

many times as required to define all simple boundary conditions for

the model.

The LIrInAR function allows the specification of simple forms

of linear constraints at individual nodes. This form of constraint

is reguired when the displacement at a node is constrained in a
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-WW direction which does not coincide with the rqlobal X, ", Z axis dir-
ections. Linear constraints are defined for one node at a tine;
first a node nuiber is selected, and then the direction of constraint
is defined. The direction of constraint is alwavs defined by n ivinn

i. the plane in which notion is permitted at the node (i.e., the con-
straint is applied in the direction normal to this plane). The

. plane in which notion occurs can be defined either by qivinq the
* equation of the plane (in the form Ax + 9v + Cz = P), or bv listin(-

the coordinates of three points lyinq in the plane. As with PoUrirS,
*the LIriAR operation may be performed any number of times to define

the required constraints.

4.4 APPLIED LOADING

Applied loadings of two types may be defined in PREP:

- concentrated nodal forces; and
- distributed element loads, including body forces, surface

pressures and edge loads.

Applied loads input is initiated using the LOADS command, which
may be given as many times as necessary in the construction of

• -a model. Five basic options are available in the LOADS function.
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They are:

(N)odal loads input;

- (E)lement loads input;

- (L)ist currently defined loads data;

- (H)elp (print a list of available options); and

- (S)top loading data input.
T..

These options may be executed in any order within the LOADS

function.

When the nodal loads option (N) is selected, PREP will accept

data defining concentrated forces acting at existing node points

of the .model. The specification of nodal loads includes the set

of nodes at which the load is to act, a loading case number, and

the three components of force (X, Y, Z) which act at the nodes

selected. Several options exist for specifying the node numbers

at which the force acts, including:

- a single node;

- a range of nodes (first, last, increment); and

- all nodes on a plane defined by Ax + By + Cz = D.

The vector force (Fx, Fy, Fz) input is assumed to act at each node

selected by one of the above methods. It should also be noted

that the 'load case' number, a term usually associated with

linear finite element analysis, can be used to distinguish sets

of loads which act non-proportionally in a nonlinear solution

(see REFMT, Subsection 5.1).

Element loads may be specified for a single element at a time,
a range of elements (defined by first and last element numbers and
an element number increment), or all elements in the model. For

each series of elements selected, a single load specification can
be defined by a loading case number, a loading type, and a load
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magnitude. Loading types are defined as follows:

- -1, -2, -3 : denotes a body force (force per unit volume),

acting in the global X, Y, Z directions,

respectively;

- 1,2,3,4,5,6 : for 3-D elements, signifies a distributed

surface pressure acting on the surface

(-R,-S,-T,+R,+S,+T), respectively;

- 1,2,3,4 : for 2-D elements, describes an edge force

(force per unit length) on edges 1, 2, 3 or

4, respectively; and

- 1,2,3,4 : for axisymmetric elements, defines a surface

pressure on edge 1, 2, 3 or 4 of the element.

Surface numbers (for pressure loading on 3-D elements) and edge

numbers (for line loads or axisymmetric pressures) are shown in

Figures 4.6 and 4.7. The correct surface or edge number can be

identified by recalling the numbering sequence ( -R, -S, -T, +R,
+S, +T for 3-D, and -R, -S, +PR, +S for 2-D ), and using the PLOT

option ORIENT (see Subsection 4.6) to display the local coordinate

directions for the elements in question.

4.5 NODE POINT REORDERING

*Finite element models generated using interactive modelling

techniques are typically completed with most of the nodal and

. element data being numbered in an almost random fashion. For

efficiency in the actual finite element solution, reordering of

either node points or elements is usually advisable, since the

number of operations performed in the solution, as well as the

storage requirements, can be affected to a significant degree.
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An example of the effect of reordering a small finite element

mesh upon the storage requirement for solution is depicted in

Figure 4.8.

Node point reordering is performed in PREP using the RENUMBER

p command, which requires no input from the user other than an input

file label. The RENUMBER option performs a renumbering of the

nodes which is not optimum, but which is usually sufficient to

reduce storage and solution time requirements to a very reasonable

level. In particular, the renumbering scheme is generally quite

effective when the equation solver to be used employs a variable

bandwidth (profile, or envelope) storage mode [4].

RENUMBER displays the initial and final 'nodal bandwidths' as

a measure of how effective the node reordering has been. The

nodal bandwidth is the maximum bandwidth of a system of equations,

based on the mesh in question, having a single degree of freedom

per node; the actual maximum bandwidth for the model is the nodal

bandwidth multiplied by the number of freedoms per node (usually

2, 3 or 6).

The RENUMBER utility is quite fast in execution, and can be

executed more than once to attempt further reduction in the system

bandwidth. Two passes through RENUMBER are recommended, to verify

that the model bandwidth has been reduced as much as possible.

4.6 PLOTTING UTILITIES

Geometry plotting may be performed in PREP at any time by

entering the PLOT command. PREP requests the name of an active

data file to be plotted, and enters the plot command mode

(identified by the prompt symbol "*h).
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In the PLOT mode, plotting commands may be entered to control

the appearance of plots to be made. For example, the EYE command

sets up a viewer position for use in plotting, but the plot is not

actually drawn until a DRAW command is issued. Most of the PLOT

mode commands control one or more plotting parameters, which mayibe set and reset as often as desired. These parameter-related

commands include:

- AXES : control plotting of X, Y, Z axis lines

- CLIP : define a "clipping plane" which limits drawn lines

to a specified minimum distance from the viewer

- CUBE : define minimum and maximum plotting coordinates

- DEFAULT : restore all plotting parameters to default values

- ELEMENT : select a range of elements to be plotted

- EYE : define the viewer eye position

- LABEL : select node and/or element numbering

-ORIENT : control plotting of local element orientations

needed in REFINE and LOADS operations

- PROJECT : select orthogonal or perspective projection

- REFLECT : select reflection of geometry about a certain

plane

- ROTATE : define rotations (for plotting purposes on..y)

- SCALE : scale or unscale plot

- SHRINK : select exploded view to be plotted

- TRANSLATE: define translations (for plotting only)

- VERTICAL : select a vertical axis direction

- ZOOM : select an area of the screen for close-up views

Sufficient default values are set upon entry to PLOT that the
model may be drawn without setting any of the above parameters,

and often this is a useful procedure for "getting oriented" with

a new model. Once any of the above parameters has been set,

however, the new plotting parameters will remain active even

when PLOT is terminated and reentered; this measure eliminates

the need for entering the same sequence of commands every time
PLOT is executed.
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The remaining commands available in the PLOT module are

control functions, namely:

- BOUNDS : Plot symbols indicated boundary conditions at node

- DRAW : Plot the model using all current parameter values

- HELP : Print a list of available commands and options

- MAIN : Return control to PREP following plotting

- SITE : Redefine center of plotting region

- SUMMARY : Print a summary of all plotting parameter values

- TIME : Print the CPU time used since sign-on

All of the control functions request some form of immediate action,

with no further input required from the user.

Most of the plotting options described above are demonstrated

in the modelling examples in Section 7.

.4.7 DATA LISTING UTILITIES

The functions available for listing of data within PREP are of

two types. The LIST ccmmand produces a table of active model

files, with their corresponding file numbers. The PRINT utility

allows data from a specific model file to be printed at the

terminal or on a formatted file suitable for line printer output.

A typical LIST output might appear as follows:

LISTING OF DATA FILES AVAILABLE

#10 --- PANEL

#11 --- PANELREF

#13 --- PANEL + BEAM

Here the names 'PANEL', 'PANELREF', and 'PANEL + BEAM' are all

names of active data files which may be specified as input for
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any PREP operation. The corresponding file numbers (10, 11, 13)

1are important only on CDC computers, where they correspond to

the local file names TAPE10, TAPE11 and TAPE13, respectively.

Upon leaving PREP, the model 'PANEL + BEAM' would be saved by

cataloging the local file TAPE13 as a permanent disk file, for

example. In the VAX 11/780 version of PREP, data files may be

* saved by name prior to leaving the program.

With the PRINT command, the contents of a single model may be

listed at the terminal and/or written to a formatted file for

off-line printing. Printing of header data, nodal coordinates,

* element data, boundary conditions, and nodal or element loads

may each be selected as needed. For the nodal and element data,
which can become quite lengthy, ranges of nodes or elements may

be specified for printing.

4.8 TYPICAL SEQUENCES OF OPERATIONS

A complete listing of the commands and options available in

PREP appears in Table 4.8. These commands can be grouped
logically into four categories,

- utility commands,

- geometric modelling functions,

- boundary conditions and loads, and

- property definition.

SThe utility commands are those which perform data management

or informative functions; generally, they may be executed at any

time, in any sequence. The commands which fall into this

category include:
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-: TABLE 4.8 - Alphabetized Listing of PREP Commands

COMMAND DESCRIPTION

BOUNDS Specify nodal constraints
CONTACT Create contact elements from surfaces of 3-D

solids
COPY Make a copy of a specified model file
CREATE Begin a new model file by keyboard entry of data
DELETE Delete a model file
EDIT Make minor editing changes to an existing model
FILL Generate midside and/or interior nodes
HELP List available commands and options
LINEAR Generate linear constraint conditions at nodes
LIST List all active model files and file numbers
LOADS Define nodal forces and/or distributed element

loads
MASK Eliminate midside and/or interior nodes

• MERGE Combine two model files
NAME Assign a descriptive name to a file number
PLOT Enter plotting mode

* PRINT Print all or part(s) of a model data file
. PROPERTY Assign element property data

REFINE Subdivide elements to create a finer mesh
REFLECT Form the mirror image of an entire model
RENUMBER Reorder node points to reduce solution time

,-. ROTATE Rotate model geometry in space
SHELL Select certain elements to be thin shells

* SIFT Eliminate unused node points
STOP Exit from PREP
TRANSLATE Translate model geometry in space
TIDY Eliminate duplicate node points
TIME Print CPU time since start of session
TOLERANCE Reset tolerance for detecting coincident nodes
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COPY NAME

UDELETE PLOT

HELP PRINT

LIST TIME

Property definiton functions, which are also relatively benign

with respect to their execution sequence, include

CONTACT

PROPERTY

SHELL

However, it may be advantageous in some applications to segregate
elements of one type or property set from those of another early

in the model generation, when fewer elements are involved.

Definition of many different sets of properties in a complicated

model presents a potential source of errors and oversights.

With the remaining two groups of commands, ekp.#o ience iis

shown that some sequences of commands result in very fast and
effective modelling, while others can lead to long and tedious

sessions at the terminal. It is generally recommended that the

definition of loads and boundary condition data be performed as

the LAST step in model generation, after such operations as

REFINE, RENUMBER, etc. The geometric modelling operations also

have a preferred order, which can best be described as three
'stages' of the geometric model generation. Commands associated

with these modelling stages are summarized below:

Stage I : FILL MASK

Stage 2 : MERGE REFINE REFLECT

ROTATE TOLERANCE TRANSLATE
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Stage 3 : RENUMBER

In Stage 1, irregular elements entered in CREATE, and/or

higher order elements which are to be reduced to lower-degree

nodal patterns are adjusted to contain the final number of nodes

per element which is to be used throughout the mesh. Once these

steps have been accomplished, other operations such as REFINE

and MERGE should proceed smoothly.

In Stage 2, the actual mesh division to be used for analysis

is created, by REFIning a coarse mesh, performing TRANslations

and ROTAtions to reproduce periodic sections of the grid, and

MERGing disjoint sections of the model together. Since most of

the operations in this phase of the modelling will affect the

number and/or ordering of nodal coordinates and elements,

RENUmbering, BOUNdary conditions and LOADs are best left until

this stage is complete.

In Stage 3, the geometry of the mesh (number of nodes and

elements and their relationship to one another) is complete, and

RENUmber can be used to minimize the effects of the almost

random numbering of the finite element model.

As the final step in generating the model, boundary condi-

tions and loading data are entered in PREP. At this point, the

geometry of the model, as well as the numbering of nodes and

elements, is fixed; PLOT should be used to obtain the node and

K element numbers needed for specifying boundary conditions and

loading.
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SECTION 5

MODEL DATA TRANSLATION

.

The preprocessor contains two facilities for producing

formatted output from PREP-generated finite element models.

These are the REFMT and NEUTRAL utilities, which are described

in Subsections 5.1 and 5.2, respectively.

REFMT provides output in a format compatible with the MAGNA

nonlinear finite element program [4]. Additional data required

by MAGNA which is not prepared in PREP can also be generated in

REFMT interactively. In most instances, the REFMT-generated

pl data deck is ready for submission directly to MAGNA for analysis.

- When special options or minor data changes are necessary, the

formatted data file can be modified 'by hand' using the resident

computer's editing facilities.

The NEUTRAL utility translates the PREP-format data file into

a formatted form which is listable on the line printer and may be

transferred between computer systems with a minimum of difficulty.

NEUTRAL also performs the inverse translation function (back to

*. PREP internal format) needed to re-introduce the finite element

" data into the preprocessor on another computer.

54
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5.1 REFMT - MAGNA Data Translation

The REFMT translator accepts as input the PREP internal format

data file, and generates a formatted data deck suitable for use

with the finite element analysis program MAGNA [4]. All of the

finite element types, and most of the special options, available

in MAGNA are supported by REFMT.

In addition to reformatting the preprocessor-generated data,

REFMT requests information from the analyst to complete the

solution data needed in MAGNA. This additional information

includes:

- the type of solucion (linear or nonlinear, static or dynamic),

- information concerning restart files for nonlinear analysis,

- postprocessing file options, and

- nonlinear solution strategy (iteration method, etc.).

The data required for multiple loading conditions, contact

analysis and other options is generated automatically from the

preprocessor data.

Additional editing of the model data is possible in REFMT for

material properties and loading data. Material properties may be

selected from a library of stored properties (see Appendix F), or

entered directly at the keyboard. When the element properties are

complete for all elements in the model, materials data is listed

and can be modified selectively as the need arises.

5
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Applied loading data may take on different meanings in linear

and nonlinear analysis, and for transient dynamic and nonlinear

solutions, the time history of the loading must also be specified.

REFMT allows a moderate amount of editing of the loading data to

suit the type of analysis to be performed. The options include:

- options to combine multiple load cases, or analyze separately;
- generation of time-history curves for use in nonlinear and/or

dynamic analysis (several built-in curves may be selected and

scaled as needed); and

- specification of non-proportional loading sets in nonlinear

and transient analysis, with each set scaled independently.

Most of the options available within, REFMT are demonstrated in

- the sample preprocessing sessions included in Section 7. It should

also be noted that the MAGNA data deck (whether output from REFMT

p or hand-generated) may be translated back into the preprocessor

file formats using the TRNSFR utility described in Subsection 3.1.

5.2 NEUTRAL - Neutral File Translation Program

The NEUTRAL utility performs two data translation functions:

- preprocessor internal format to neutral data file, and

- neutral data file to preprocessor internal format.

These two functions are inverses of one another, with allE -preprocessor data types supported.
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The two data files (internal format and neutral format) are

described in Subsections 6.1 and 6.2, respectively. The neutral

file format exists solely for the purpose of storing the prepro-

cessor data in a readable form which is easily transferred

between computer systems. Thus, finite element data prepared

using PREP on one system may be translated to the neutral format

using NEUTRAL, transmitted to a completely different machine

type, returned to the internal format using NEUTRAL, and used

within PREP on the second machine. The translation to neutral

format is also useful for archiving of data, either on punched

*i cards or in text library format (using the LIBRARY utility on

VAX 11/780, or UPDATE on CDC machines).

Execution of NEUTRAL requires only the declaration of the

files involved, and the selection of the type of translation to

be performed. On CDC machines, the internal-format data file is

local file UNFMT, and the formatted (neutral) file is the local

file FMTDAT. With the VAX version of NEUTRAL, the necessary

file names are requested as input at the beginning of execution.
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SECTION 6

MODEL DATA FILES

Optimal data handling of information associated with model

geometry and finite element analysis is highly dependent on how

that data is accessed and stored. The preprocessing system

utilizes several types and formats for data files to take

advantage of specific features offered by each. Data that is

transferred between the various preprocessing modules in the

*~i stages of model development, modification, an' assignment of

analysis parameters is stored in an internal, unformatted data

file. This binary data file is only readable by programs that

.- are properly equipped to read the particular file in question.

Two different data files are employed in the internal, unformatted

data type; one for the output data generated by CORGEN, SPATCH,

or AGRID, and a second data type generated by PREP, IJKGEN,

CREATE, or NEUTRAL. The second type of data file used in the

preprocessor system is the external, formatted data file. This

data file type is used for transferring model data between

preprocessing programs, and for archival of data in a readable

-. form. The external, formatted data file is a character

-- text file and may therefore be read without any need

6.1
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r ....
for special programs. General descriptions of the form and

purpose of each of these data file types are given in the

remainder of this Section. Detailed descriptions of the file

formats for each type are presented in Appendix A.

6.1 Preprocessor Internal Data Structure

'. The preprocessing system defines two functionally similar

data structures for storing model geometry data. Execution of

any of the data entry and interface programs discussed in

Sections 2 and 3 results in the creation of either a two-

dimensional surface model geometry file (see CORGEN, AGRID, and

SPATCH) or a three-dimensional solid model geometry file (see

CREATE, IJKGEN, NEUTRAL, TRNSFR, and IMPRINT). The surface

model geometry file is an intermediate model file designed to

be input to the EXPAND module to convert the nine node surface

element model to a twenty-seven node solid element model. The P"

' shell surfa.ce file and the standard (PREP-format) 3-D geometry

file are the subjects of Paragraphs 6.1.1 and 6.1.2, respectively.

6.1.1 Shell Surface Geometry File

Certain modelling requirements for windshield canopies and

related structures fall into a class where the structures may be

represented by 2-D quadratic surface elements located in 3-D space.

" If a thickness value is associated with the surface then it

becomes a straightforward task to mathematically expand the
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surface to a 3-D solid representation. The CORGEN, AGRID and

SPATCH programs generate simplified surface models which can be

* readily represented by the data file described in Appendix A,

Table A.l. This data file contains coordinate data with an

associated thickness value for each node, and element connectivity

for 2-D bi-quadratic surface elements. The surface elements are

defined by nine nodes: four corner nodes, four midside nodes and

a center node. The expand module will convert the nine node

- surface element model to three-dimensional solid finite elements

stored in the three dimensional model file format described

below. This 2-D file is characterized by the implicit node numbering

of coordinates and the implicit numbering of the elements.

6.1.2 Three-dimensional Model File

The requirements of maintaining data neccessary for model

W geometry as well as for numerical analysis, determine the structure

of the three-dimensional model file. Table A.2 shows the details

of this file structure. This model file is the workhorse of the

preprocessing system in that all models that utilize the PREP and

REFMT modules must be converted to this data structure. Particular

features of this model file include the arrangement of element

loads, nodal forces and boundary conditions in such a manner that

*. this data need not be provided nor must file space be allocated

to provide for it later. While this file type is similar to

-" * the surface model data structure the user should be aware of the

explicit node and element numbering that is included with this

data structure along with the loss of the thickness data required
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- for EXPAND and the addition of element codes that regulate and

3affect the numerical solution options. This file is used as

input to several of the preprocessing modules as illustrated in

Figure 1.1. Once all preprocessing functions have been executed

for model definition this file is input to the REFMT module to

convert it to a reformatted character file with the correct

options for input to the appropriate analysis program.

6.2 Neutral Data File Structure

The neutral data file is an external, formatted data file

intended for use in archiving finite element data and transmitting

model data from one computer system to another. The neutral data

file is read and written only. by the NEUTRAL utility (Subsection

5.2), which performs the translation between neutral files and the

internal format of the preprocessor (Subse.ction 6.1).

The neutral file contains exactly the same information as the

standard preprocessor data file (see Appendix A). However, the

fact that the neutral file is a formatted (text) file has several

usef'ul consequences:

- data may be archived in neutral file form using the LIBRARY

functions provided by VAX/VMS, or UPDATE on CDC machines;

- alternatively, model data may be punched directly on cards

for later use; and

,. - transmission of data via RJE terminals can be accomplished

with a minimum of difficulty.
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" " The data sequence and formats for the neutral data file are listed

in Appendix A of this report.

i . 6.3 MAGNA Input Data File

The MAGNA [4) finite element analysis program requires the

user to provide data for an analysis in a particular formatted

form. While the data stored in the internal unformatted form

* is adequate for preprocessing functions, this data must be

* converted to the appropriate structure for input to MAGNA. The

MAGNA input data file is created by the REFMT program in response

to user selected solution options. This file contains the

complete information concerning solutio options, nodal coor-

dinates, element connectivity, boundary conditions, loading

* requirements and all associated parameters for element types,

material properties, time increments, etc. All data on this

file is formatted according to the structure outlined in detail

in Reference [4]. Due to the formatted nature of the MAGNA

data file, the user may readily edit it directly to alter any

values that may have been improperly specified in the REFMT

- program. In addition, the user is encouraged to make changes

to the file directly, in the event minimal changes are necessary

for altering solution options. Reference [4) will be necessary

for the user wishing to alter data on this file.
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SECTION 7

DEMONSTRATION PROBLEMS

Several modelling examples are presented in this Section which

illustrate the capabilities of the preprocessor and the types of

procedures involved in generating a finite element model. Three

of the data entry programs (CREATE, CORGEN, and IJKGEN), which

represent the most commion points of entry into the system, are

used for the creation of the original models. In the case of

* CORGEN, which generates a surface model..file, the use of EXPAND

to create a fully three-dimensional model is also demonstrated.

In each example, further modelling operations are performed

p within PREP, and the final data is translated into the MAGNA
input format using REFMT.

7.1 EXECUTION OF CREATE / PREP / REFMT SEQUENCE

The following example illustrates the generation of a two

dimensional finite element model using the CREATE data entry

program. The model is completed using PREP, and formatted data

*for analysis with MAGNA is generated using REFMT.
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The model generated below involves a thin, flat rectangular

* plate with a circular hole at the center; only one quadrant of

*. the structure is represented due to symmetry. Of particular

interest is the technique of using only selected midside nodes

for input in CREATE to capture the curvature of the boundary

along the hole. This method allows a minimum of hand-generated

input, but requires the use of FILL (or MASK) within PREP to

generate a properly connected mesh of elements.

7.1.1 Summary of Modelling Procedure

The basic geometry of the plate is defined using CREATE, as

* detailed in the sample terminal session.of Section 7.1.2. Ten

"- node points and three elements are used to define the overall

*- geometry. Note that only the corner nodes are used, except where

curved boundaries are to be defined. It'is important to observe

that, if only selected midside nodes are used, the ordering of

element connectivity may contain zeroes in positions corresponding

to unused nodal positions. This situation occurs in the first

N two elements of the input mesh.

The primary operations performed in PREP are the FILL option,

* in which additional node points are generated to fill out the

midside and element centroid positions, and a series of REFIne

*operations which subdivide each of the three major portions of

the mesh to obtain a final model containing 80 nine-node elements.
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- The REFMT step specifies a linear, static analysis. Material

properties, which were not defined within PREP, are also selected

.* from the materials library during execution of REFMT. Following

'" the execution of REFMT, the MAGNA input file (local file FDATA)

" is saved as the permanent file PLATEP on an indirect file library.
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7.1.2 CREATE Execution

COPNqe D- ATTACH P oPEPROCESSORPROC. ID-BRCICMAN1MR.i 1.
AT CV- 998 S1-AFFDL

CCOND- PEGIN.CREATE.P.

s*, 2**S*Zt lZTSSSSSSSSSSSSSSSSSSSSu5SSU
SEG CREATE - DATA ENTRY AND EDITING OF
COARSE GRID FINITE ELEMENT MODEL DATA$$$8g $sgsaga gg2zsgzs Is:22:2ZZ*3:

DO YOU 11JE a PREVIOUSLY GENERATED DATA
FILE FROM CREATE TO RE-EDIT? (Y.N) ..... N N

Smunsxsnfl rh- 1NITIAL NODE POINT INPUT ::uwz ::rSnmz

IN THIS PAT OF THE INPUT. COORDINATE DATA IS ENTERED AT THE
KEYDO"AD FOR EACH NODE OF THE MODEL. THE DATA IS CHECKED FOR
CONSISTEMC AND MY BE EDITED LATER. THE MAXIMUM ALLOWAILE
NODE POINT NUMBER IS SO*.

ENTER THE DIMENSIONALITY OF THE MESH TO
BE DEFINED ( a OR 3 ) .................. a

82$81-KIN DIRECT NODAL POINT INPUT -
ENTER NODE NO. AND COORDINATES AT EACH NODE
( ENTER ALL ZEROES TO TERMINATE INPUT

ENTERNOE, X - 1 0. S.
ENTER NODE, X, V - a 1.37 4.1
ENTER NODE, X. V - 3 3.55 3.SS
ENTER NODE, X, V - 4 4.6 1.87
ENTER NODE, X, Y - 5 S. S.
ENTER NODE, X, V - 6 10. 0.
ENTER NODE, X, V - 7 10. 10.
EMTI NODE. X. V - 8 0. 10.
EER NOE. X. V - 9 0. 80.
ENTER NOE, X, V -10 10. 3P.
EnTE NOEI. X, Y -4..0

EDIT THE NODAL POINT DATA ( V , N ).....N

*8**S8828Xx22s* INITIAL ELEMENT INPUT zaz:zmzsn

THIS PORTION OF THE INPUT GIVES THE CONNECTION DATA DEFINING
FINITE ELllEMTS IN TERMS OF THE NODES. CONNECTIURTY FOR THE
ELEMENTS FOLLOW THE CONJENTIONS FOR TUO AND THREE DIMENSIONAL
ELEMENTS IN MAGMA

TUO-DIMENMIONAL e**- s*ns THREE-DIMESIONAL .....
NODE POINTS LOCATIONS NODE POINTS LOCATIONS

I - 4 CORNERS - a CORNERS
S - I MIDSIDES 9 - 2, MIDSIDES

S cENTROID al - as MIDFACES
V CENTROID

THE MAKIRUM ALLOILE ELEMENT f UBER IS 100.

FOR EACH ELEMENT, ENTER (I)ELEMENT NMER, (a)U[ER LOCAL
NODES (I.E.,THE LENTH OF THE CONECTIUITY LIST) AND (3)THE
LIST OF C CTED NODES. ENTER EL NT TO TERMINATE INPUT

FOR -0 ELEMENTS, THE MAX. LOCAL NODE NI.M SHOULD NE DEYEEN a AND 9

ENTER ELEMENT NO.-t
MAX. LOCAL NODE -4
CONNECTIVITY LIST-@. 1.3.7.0,

ENTER ELMEINT NO.-a
MAX. LOCAL NODE -6
CONNECTIVITY LIST-7,3.5,6,0,4

ENE ELEMENT NO.-3
MAX. LOCAL NODE -4
CONNECTIVITY LIST-10S.3.7

ENTER ELIENT NO.-*
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' EDIT TME EUE1fJI DATA .....N... .y
ELEMu EDITING OPTIONS -(L3ISI. (I)NPUT, Do)gLETE, (E)XITEN,3 EDITING OPTION ( L I , Bt . E )-LOtTR I uOF ELMENS TO BE LISTED -1.3
ELR IINI WD 143 114 Ng No m? g7 m 11

1 13 7 0

3 10 9 8 7
EL~dW EDITING OPTIONS - (L3IS?. (I)NPUT. MDELETt. MEXITEfTEDITING OPTION ( L . I *SCI-

3 SUMMARY OF CURRENT M ODEL PARAMETERS 2
HIGNEST-4NERED NODE POINT .......... 1smum OF UNDEFINED NODES ............. 0NIGNEST-MEND ELEMENT W"INED... 3NURDER OF UNDEFINED ELEMENTS.. 0
HtMER OF REERNCES TO UNDEFINED NODES- 0

EDIT THE MODAL POINT DATA C V h .

EDIT "aE ELEMENT DATA C v* N ......... q

PREPOCESORDATA FILE CMLT

STOP
041406 MKIRM VIECUIOM FL.*.Ida CF SECOMMDS EXECUTIONg TIME.

COW-FILES
LOCAL FILES-

sWw SINPUT LATWT WN?
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7.1.3 PREP Execution

00'O&ND FiLES
--.OCAL FILES--
to IlSPUT jOUTPUT UNFMT

COMMND- REUINDu WFT
SCOMMAND- COPVDF, U4FTTAPE1OeEO ENCOUNTERED AFTER COPY OF FILE

0. RECORD 1
COMAND- RETURN, UHFMT
COMAND- BEGIN.PREPP.

*22222Sn2222 BEGIN PREP 222S2XXX22222222 MAGMA PREPROCESSING UTILITIES 2222

PLOTTING TERMINAL ( V , N ) ISjY
TEKTRONIX OR HP ( T , H ) 7 *T

TE-MONIX TERMINAL TYPES
S 400-1
1. 4010 / 4012 - 4013 / 4062
2 4014 / 4015
3. 4014 / 401S C ENH. GR. ROD.
4. 4114

ENTER TERMSINAL TYPE ( 0 - 4 )lj3
ENTE CHAACTERS PER SECOND Sj 10
MEIE[R OF INPUIT DATA FILES 7 sil
ENT FILE 0 0l$
ENTER LADEL ssPLATE

TYPE 'HELP' FOR LIST OF COMIDS

Is PLOT
ENE INPUT FILE 81 LABEL j)PLATE

INITIALIZATION OF PLOTTING ROUTINE lb., w( SCRM .
READY (YN) ? .... S Y

1"ELP
'.OMMPIAD :EsCRIPrION

,.xES AIXES DRAW AND LAIEL
BOUNDS0 PLOT BOUNDA Y CONDITIONS
CLIP CLIP PLANE POSITION
CUSE SET MINIMA AND MAXIMA
DEFAULT SET DEFAULT UALUES
Dowl DRAWNMODEL
ELEMENTS PLOTS ALL ON SELECTED ELEMENTS
EYE EYE POSITION
HELP LIST ALL COWIIS
LANEL LASELS ELEMENTS AND MODES
MAIN hETmiI CONTROL TO MolIN PROONA
ORIENT PLO R f.? ORIENTATION aXES

,7 PROJECTION PROJECTION TYPE
REFLECT REFLCT A PLANE
ROTATE NOTATE NOBEL AMOU A
SCALE It" PLOT
SHRINK SHRINK ILInuS
SUMAY LIST ALL PARAMETER VALUES
TIME PRINT CPU TZME SINCE START OF SESSION
TRANSLATE TRANSLATE MODEL FROM ORIGIN
UENTICAL UCRTICAL AXIS
ZOOm ZOOM ON THE NBEL
SITE SITE POSITION

OWES
PLOT Ai LABEL THE AlSVSCYN) .............. I

SLAK
LAME THE ELEMENTSP(Y.N) ....................I Y
LABEL THE MO (YMMN) ....................... 'V
LABEL ALL THE SUNFACE S7N,) ........ *.. 8 V

SORIENT
' PLOT ORIENTATION AXES VN) ............ I VSlSAN

AT ENS OF PLOT, ENTER CHANACM1 TO CONTINUE.
NEW.Y (VON) ? ... 8 V

7.6
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I FILL
ENTER INPUT FILE $1 LABEL jsPLATE
ENTER OUTPUT FILE LABEL LILATS
CREATING NEUl DATA FILE
FILL OPTIONS -

I. 3-D ELEMENTS ONLY
a. 2-0 ELEMENTS ONLY

ENTER FILL OPTION (1.5).. a) a
PAX NODE POSITION IS i FINALENT-

FILL COMPLETE.

PERFORM SUBSEQUENT TIDY ? CYN) ->Y

TIDY OPTION ONE ORt TWO ? (OPTI. OPT2, HELP)3 -)OPT2

TIDY COMPLETE
8 DUPLICATE NODES DELETED

asPLOT
ENTER INPUT FILE 81 LABEL [sPtATa

AT EDl OF PLT, ENTER CHACTER TO CONINUE.
EADY (YN) 9 .... Y
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*LIT:rI6G or DATA FILES AVAILABLE

10--PLATE
*1 - PLATZ
as DELE
ENTER LABEL jjPLATE

aREFINE
ENTER INPUT FILE 81 LABEL ZjPLAT2
ENTE OUTPUT FILE LABEL S3REFlhl
CREATING MEW DATA FILE

BEGIN REFINE ROUTINE...

1 - RAMN ELEMENT INPUT
a -RAG OF ELEMENTS
3 - EXECUTE REFINEMENT
MAXIMUM HUNK*R OF ELEMENTS

SPECIFIABLE -15
,"-NUER STILL AVAILASLE -- > 1 0

ENTER ELEMENT NUIMBER AND (RETURN) FOR EACH
ELEMENT TO BE REINED. ELEMENTS NEED NOT BE
ENTERED IN ASCENDING ORDER. ELEMENT NUMBER 0
TERMINATES INPUT.

ENTER ELEMENT S -- )
ENTER ELEMENT 0 ---- )2
ENTER ELEMENT -------- )T

1- RAN ELEMENT INPUT
. - RANGE OF ELEMENTS
3 - EXECUTE REFINEMENT
ENTER OPTION --- --- >3

ENTER CUT DIRECTION (R.S.T) >R

nAXIMIM CUTS PER ELEMENT--
ENTIER CUTS PER ELEMENT - )S

EQUALLY SPACED CUTS ? (YN) >N

ENTER CUT POSITIONING In
SASCENDING ORDER (0-100) -)1S a 35571

REINE COMPLETE.
PERO SUrSNr TIDY 'P (Y.N) -)Y

TIDY OPTION ONE oR TWO? (OppTI OPT&,,NENP) -)OmT

TIDY COMPLETE
11 DUPLICATE MODES DELETED

- PLOT
.ENTER INPUT FILE 81 LABEL SSREFIN

AT END OF PLOT, ENTER CHARACTER TO CONTINUE.
READY (Y,N) 7 ....S Y
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I: ReEFIN4E
ENTER INPUT FILE 81 LABEL jjREFINI
ENTER OUTPUT FILE LABEL jREFIN2
CREATING NEU DATA FILE

BEGIN REFINE ROUTINE...

I - RANDOM ELEMENT INPUT
a - RANGE OF ELEMENTS
3 - EXECUTE REFINEMENT
ENTER OPTION ------- --- >2
MAXIMUM MNMBR OF ELEMENTS

SPECIFIABLE ----- ) ISO
NUMBER STILL AUAILABLE -- > 1SO

ENTER BEGINNING ELEMENT NUNUER. EDING ELEMENT
NUNUER, AND INCREMENT FOR RANG.

ENTER NCG*NED.INCR -- 1. 13.1

1 - RANDOM ELEMENT 1MPh?
a - RANGE OF ELEMENTS
3 - EX(ECUTE REF INEMENT
ENTER OPTION )

ENTER CUT DIRECTION (RS,T) >9

MAXIMAN CUTS PER ELEMENT -
ENTER CUTS PER ELEMENT -)4

ESMALLV SPACED CUTS ? (Y.N) WY

REFINE COMPLETE.
PERFONM SUBSEQUENT TIDY 7 (Y.N) ->V

TIDY OPTION ONE ON T 7? (OPT1. OPYD. HELP) -)OPTZ

TIDY COMPLETE
119 DUPLICATE NODES DELETED

to PLOT
ENTE IWPUT FILE Si LABEL zgREFIMS

SORIENT
PLOT ORIENTATION ANES?(Y.N)...................U N

SLAME
LADEL THE ELNSCYDn) .................... I V
LAMEL THE NODES'P(YN)......................... N

*@RA
AT 116 OF PLOT, ENTE CHARACTER TO CONTINUE.
READY (Y,N) ?..eV
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"IST

LISTIIG OF DATA FILES AUAILABLE

$10 --- REFINI
81--- PLAT8
818 --- REFINI

itDELE
ENTER LABEL jSREFIN1

:: DELE
ENTER LABEL jjPLAT2

: REFINE
ENTER INPUT FILE 81 LABEL ;jREFIN2
ENTER OUTPUT FILE LABEL ,JREFIN3
CREATING NEU DATA FILE

BEGIN EINE ROUTINE...

I - RANDOM ELEMENT INPUT
a - RANGE OF ELEMENTS
3 - EXECUTE REFINEMENT
ENTER OPTION .... . .-)8
RAXIMO NUMBER OF ELEMENTS

SPECIFIABLE ..-.- 1)
NUIMBER STILL AUAILABLE --- ) 1S

ENTER BEGINNING ELEMENT NUMBER, ENDING ELEMENT
MBER, AND INCREMENT FOR RAMGE.

ENTER NEGONEND.I CR - -.. 5,1

1 - RAN DM ELEMENT INPUT
a - RANGE OF ELEMENTS
3 - EXECUTE REFINEMENT
ENTER OPTION --- >3

ENTER CUT DIRECTION (R,S,T) )R

MAXIMIU CUTS PER ELEMENT -) S
ENTER CUTS PER ELEMENT - )4

EGIMLLY SPACED CUTs '? (Y.N) >Y
i ~WNEN COWLETE.

PKEWrOR SUM SUENT TIDY ? (Y.N) -)V

TIDV OPTION ONE OR TWO 7 (OPTI, OPTS, HELP) -)OPTl

TIDY CONPLETE
a NUWLICAl NOS DELETED

88 PLOT
ENTER INPUT FILE I LAKL j$ IM3IN

IDIWALID COMAND, ENR NELP' FOR LIST OF COMMANDS

AT ClH OF PLOT. ENTER CHARACTER TO CONTINUE.
.A (,. I .. I V

7.14
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oMot

: LIST

LISTING OF DATA FILES AVAILABLE

IS --- REFIN3
$12 --- REFIN2

it DELE
ENTER LABEL j;REFIN2

2RE"~
ENTER INPUT FILE $1 LABEL 3;REFIN3
ENTER OUTPUT FILE LABEL jjPLATE-4
CREATING NEU DATA FILE

HOME POINT REORDERING COMPLETE

NODAL BANDWIDTH (OLD) • 97
NODAL BANDUIDTH (NEU) - 97

3:DELE
ENTER LAEL ,KFIM3

: LIST

LISTING OF DATA FILES AVAILABLE

$11 -- PLATE-4

BZ SOUNDS
ENTER IMPUT FILE $1 LABEL ,,PLATE-4
ENTER OUTPUT FILE LABEL IPLAT.+iCS
CREATING NEW DATA FILE

BOIDAM CONDITIONS MAY BE ENTERED FOR RANDOM
NODES, RANGES OF HODES, ALL NODES ON A PLANE,
OR THE ENTIRE MODEL.

FOR EACH GROUP OF NODES. CONSTRAINTS MAY BE SET
IN ANY COMBIMATION OF THE X,. Y Z DIRECTIONS.(NOTE TIMAT B-D MODELS MiST BE PXED IN Z)

CONSTRAINT DIRECTION CODE CONSTRUCTED AS FOLLOWS:

IN]W I - 1' FOR CONSTRAINED IN X DIRECTION
7 0 FOR UNCONSTRAINED IN X DIRECTION

EMIRY - SANE FOR Z

EX. PLE -) "1,.1" FOR CONSTRAINTS IN X AND Z
DIRECTIONS BUT NOT IN Y.

I - 1 M0 NOVES
2 - RANK OF NODES
3 - ECIFIED PLANE
4 - ALL NOES
S - EXI

M" NOE SELECTION OPTION -I,4...)
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U i:14 EP ZC14STAijt CtRE: VIN Ct ME f4V F. LUE -

LRANCOR 140D6.;
a RANGE OF Nc3)ES
3 -SPECIFIED PLANtE
4 -ALL MODES
S -ENIT

.ENTER NO0DE SELECTION OPTION cl. 2....S S

ENTER CONSTRAINT DIRECTION CODE (THREE vULUES) -)1 60

PLANE IS DEFINED BY AX * Y + CZ 0 .
ENTER COEFFICIENTS S A S )---) .

a4 NODES FOUND

I - RANDOM NODES
a - RANGE Of NODES
3 - SPECIFIED PLANE
4 - ALL NODES

:'"S - EIT
E[I~r "ODK SELECTONt OPTION a(1... s) 3

ENTER CONSTRAINT DIRECTION cow (THREE vALUIS) -)e 1 0

PLANE IS DEFINED DY AX B DY * C . 0.
ENTER COEFFICIENTS C a a C , 3) ->41--0)

14 NODES FOUND
'- RNDONN10 8ODES

a - RANGE OF NODES
3 - SPECIFIED PLANE
4 - ALL NODES
S - EXIT

ENTER NODESELECION OPTION (li,...S) - .
3. BOUNDARY CONDITIONS ADDED
35 D4NOMV OU CONDITION TOTAL

'8LIST

LISTIN OF DATA FILES AWJILADL

",1 - PLATE.D0,811 - PL -4

EN1R LABEL T 1PLATE-4

DVER INPVT FILE *I LABEL IIPLAT94M~
UON 3CIS IsUTTICAL?
0'50 1 FOR X, 8 FOR V, Olt FOR ..........s 1

LY[
ENTER THE i9/9 POSITION,
-)IYE W EV. ... .................. .... 0 1*"

AT END OF PLOT. ["IE CHAMCTER 7 CONTrINE.
". EAR (V,") ? ... Y

i
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00 Y'iU wAN" 1HC Zr'r:fl. FUCT:-o CV.4 ?4 ...
KCALE r:K oi Aft.R. E ) 4 ..... ........
bIGITIZIE T14E LokER LEFT CoRtER
AMD ?14 UPPER RIGHT coamgER oi THE

REAW ( YN..) ................................ I

SlU, E.49EL 'HE ELI iETS7C(,.1) ..... .................
LIBEL THE NOI,-ST(YN .... .... .. ,...... 'L48EL ALL; IHE SULRACEsp(VI.) ............... s

PLOT A A1.31 THE AXES(Y,l4) ............... I N

AT Eam OF PLO'.% EM CHARACTER T0 ComiNU[.
MEADY (Y.N " .... t Y

'20

3W .378 35 .360 33? .2

300 .371 35 .349 26.317
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DO YOU Wm THE ZOOM FUNCTION (Y.N) 7 . N

3 LIST

LISTING OF DATA FILES A AILABLE

-., --- PLATE+BCS

is LOAD
ENTER INPUT FILE $I LABEL jjPLATE+.CS
ENTER OUTPUT FILE LABEL jjFINAL
CREATING NEU DATA FILE

LOAD SPECIFICATION OPTIONS
N - NODAL LOAD ENTRY
E - ELEMENT LOAD ENTRY
L - LIST EXISTING LOADS
H - PRINTS THIS LIST
S - STOP LOAD ENTMR

ENTER LOAD SPECIFICATION OPTION ---)N

NODE SPECIFICATION OPTIONS
S - SINGLE MODE
R - RAMG OF NODES
P - ALL NODES ON A GWIE PLANE
H - PRINTS THIS LIST
E - EXIT NODAL LOAD SPECIFICATION SECTION

ENTER NODE SPIECIFICATION OPTION -)S
ENTER CASE MUR -- )
ENTER FORCE UECTOR (FXFVFZ) -- )O iDS 0
NODE NUMBER TO KE LOADE 7 -- >386

ENTER NODE SPECIFICATION OPT1ON -- )E

LEAING NODAL LOAD SPECIFICATION SECTION

ENTER LOAD SPECIFICATION OPTION -- )H

LOA SPECIFICATION OPTIONS
MN- NODAL LOAD ENTRY

" - ELEMENT LOAD ENTRY
L - LIST EXISTING LOAMS
N - PRINTS THIS LIST
S - STOP LOAD ENTRY

DITtR LOA SPECIFICTION OPTION -5

LEIAUING LOAD SPECIFICATION MODULE

LIST

LISTING OF DATA FILES AVAILALE

Ho0 --- PLATE+BCS
-il --- FINAL

ENTER LABEL j PLATE+3CS

a:STOP

:4 LISTING OF DATA FILES AUILABLE

Oil - FINAL

STOP
U2?7 MAXIMUM EXECUTION FL.
29.51 CP SECONDS EXECUTION TIME.

FILE QUOTA EXCEEDED
=OMAD FILES

-LCA ILES--
TAPE4 P $INPUT SOUTPUT TAPEIS
Togla TAKI3 TAPEII TAPIS TAPIS
TANEI?

COPJW RTJiAl, TAEIS. TPEI[, TAPE 13. TA E14, TlAPlS, lAPEl, TAE1?.

7.20
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7.1.4 REFMT Execution

cOwm.D- RUI-.TAK.

OMMAND- DEGINNEFW.P.

tsi3W1*3Zgszxsshauxszuszxs*:gzh:

SEGIN REFI - MAGHA INPUT GENERATOR

st SUvA Or INITIAL SCAN Or DATA FILE *U

NUMB3ER OF NODAL POINTS .... 320
HU)MMER OF ELEMENTS (TOTAL) Is
kT or UsrwIz RECORD. 39
Ilint OF LINEAR CONS RINTS.. 0
HU OF MODAL LOADS ........ 1
NUMBE OF ELEMENT LOADS ...... 0
DISTINCT LOAD CA GROUPS.

MAGNA oUSr O ELEMENTS VITH
ELEMEN TYPE ELEMENTS ISPEC. MATL

9 2 5

ENTER At IHR-LIME PROBLEM TITLE (UP TO DOCWAATERS PER LINE)
S.........,.................. 3 ......... 4 ......... S .........S.......... .

THIN PWRTDPLATE - PLAIE STRESS - LINEAR. STATIC ANALYSISLENGTH U. VI T Sl. FOR QUADRANT MODELED. HOLE RADIUS S.0S-MOE PLANE STRESS ELEMENTS, Is ELEMNTS TOTAL

WON ULUTlN OPTINSm AND RAMRS

-. -------------------------- --- ------- i~I l
VI ORANLYSIS TYPE ZiEumm....iNm) -LINEAR

S "m ANAYSIS BTO l (STAi@l hVnC) ---- IC
INCLUDE IIMWL EFETS (WIG

FIL TOUMITIUM (yopG) -V

ND OF OPTIONS SPECIFICATIONS
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INDIVIDUAL ELEMENTS IN THE MODEL CONTAINUNDEFINED PROPERTIES

ELEMENT TYPE * 9
NUMBER Of ELEMENTS- aS

PLEASE DEFINE A DEFAULT PROPERTY CODE FOR THIS ELEMENT TYPEo
OR ENTER MATERIALS DATA DIRECTLY BELOW.

MATERIAL PROPERTY DEFINITION OPTIONS

E -- ENTER PROPERTY DATA DIRECTLY
C - SPECIFY A LIBRARY PROPERTY CODE
L -- LIST SELECTED LIBRARY ENTRIES

ENTER OPTION ( E , C , L )---

LIBRARY MATERIAL DESCRIPTIONS CAM BE LISTED BY MATERIAL TYPE
VALID MATERIAL TYPES ARE AS FOLLOWS

ACRYL - ACRYLICS
ALUMI - ALUMINUM ALLOYS
CrST! - CAST IRONS
COPPO - COPPER-DASED ALLOYS
GLASS - GLASSES
MACMS - MAGNESIUM ALLOYS
NICEIL - NICIEL ALLOYS
PLYVM - POLYMERIC MATERIALS
POLYC - POLYCARDOWMTES
STEEL - CARBON STEELS
STSTL - STAINLESS STEELS
TITNM - TITANIUM

ENf E MATERIAL TYPE (STEEL.STSTL0,KTC. d-V-ALUNI

PA_. CODE............ DESCRIPT:ON...............

"a"O0 ALUM! - US AS 1f14-0
"go0o ALUM!1 - UNS AS a664-126
own0 ALUMI - UNS AS a1t4-TIS SOEET
"210 ALUMI - UNS AS a61-TSI Ift
80ll ALUM! - UNS AS 8M11-11 SHEET
6-" ALUM - UNS AS 6061-0
"0m ALUM! - Un;S 49 565l-03

0e35 AUMI - UNS AS 861-0
6663 ALUM! - UNS AS 6061-14

2 ALUM - UNS AS 81-16
S ALUNM! - UNS AS 705 II

MATERIAL PROPERTY DEFINITION OPTIONS

E -ETPROPERTY DATA DIRECTLY
C -- SPECIFY A LIDRARY PROPRTY CODE
L -- LIST SELECTED LIBRARY ENTRIES

ENTER OPTION ( E , C , L ) ....

ENTER LIBRARY PROPERTY CODE -- NU

MATERIAL PROPERTIES DEFINITION FOR THE MODEL IS COMPLETE.
AT THIS POINT MATERIALS DATA MAY M[ EDITED AS NECESSARY.
(NOTE Tm? SOME DATA MeICH IS UNIMPORTANT FOR THE CRE
AMALYSIS MAY I DEFIND AS ZERO)

CURRENT PROPERTIES ARE LISTED BELOU -

CODE PODULUS POIS.IMATIO DENSITY YIELD STR. THERM.EXP.

-0 IOW ,*N. .33M4e0 .5361-W3 .4oe6,44W .lU161-4

L - (L)IST CURRENT PROPERTIES TABLE
C * (CNNGE AN ENTR IN THE TABLES s (S)TOP EDITING

ENTE OPTION ( L. C * S-S

4| 7.22
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7-

DlATAaopa o

-55 VAIU VMCUTION FL.
1.113 OP Saco""D EXECUT~oll TIME.

CGMLIM- FPUES

IHPqJ lOIJYPIT JI~l1 FDATA
ISCRI

COeuwMo- njmE~t".Wiv. xSCai
COIWI~b- REUZHDDFDATA
CONRAND- REQUEST, DATA, SW.
COWID- COPY3FFDATA, DATA
COCIIIWD- CATALOG. DATA. SNEETUIT"NLEC* We. Meg. OCKNAN
MUMIA CATALOG

CT ID. USOCKMAN PFN.O4EMIITHMLE
CT CYs 001 SPN.AML $660944 WIORDS.
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4

, 7.2 EXECUTION OF CORGEN / EXPAND / PREP / REFMT SEQUENCE

* This Subsection contains an example of the use of CORGEN to

generate a finite element mesh from.coordinate data in lofting

form, which 'n this instance is stored on a data file. The

EXPAND utility is used to translate the surface model output by

CORGEN to three-dimensional form. PREP is used to refine the

mesh and specify constraints. REFMT generates the formatted

data deck ready for analysis.

The geometric data used in preparing this model is lofting

data describing the forward canopy of the T-38 aircraft. Near

the forward edge, the canopy rests on a metallic arch structure

which does not provide for any bolted attachment; the final

model will contain a rather small row of elements along this

boundaryp which could be used to generate contact elements for

-- detailed analysis of the true support condition.

7.2.1 Summa::y of Modelling Procedure

The modelling data provided for the T-38 airplane canopy

consists of nine lofting planes with seven points defined on

each plane. This data was entered to CORGEN as a file struc-

tured so that each lofting line corresponded to one group of

data. The groups were input such that the first group repre-

sented the first lofting line at the fore point on the canopy

and the ninth group represented the aft area of the canopy.

-E 7.24
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The CORGEN program was executed to convert the lofting

U data into the preprocessor internal format description. The

*- program execution was uninvolved for this model as the

" default options for group formulation and element generation

were utilized. The sequence of commands to create the model

* are identified below:

1 - NODE; FILE; READ; EXIT - node input from file,

2 - ELEM; GENE; EXIT - element generation,

- 3 - FINI - write model data to file.

These operations resulted in a 2-D surface model consisting of

twelve nine node elements.

The EXPAND program was executed to translate the surface

model to a three-dimensional solid element model. There exists

Pt only the option of selecting the direction to expand the surface

in this program.

The PREP program was executed to perform several functions:

- verification of the lofting model dlta,

2 - mask to 16 node elements (from 27 node elements),

- refine the model,

- optimize the node numbering for the analysis,

- select 14 point integration rule for analysis, and

- specify boundary conditions.

The sequence of steps to execute PREP are outlined below and
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listed in the following paragraphs of this section.

STEP 1: Verification of CORGEN/EXPAND model

- PLOT (plot original canopy model)

- PLOT (find local element orientation axes)

STEP 2: Create 16-node solid elements from 27 node model

- MASK (eliminate extraneous nodes)

STEP 3: Refine the model

- REFINE (execute 2 times for R direction)

- PLOT (verify refinement, check new element

numbering for next refinement)

- REFINE (only selected elements in S direction)

STEP 4: Qptimize node numbering

- RENUMBER (repeated to insure optimal numbering)

- PLOT (verify model geometry, and identify node

numbers for boundary conditions)

STEP 5: Select element properties

- PROPS (select 14 point integration rule,

remainder of properties given in REFMm )

STEP 6: Specify boundary conditions

- PLOT (ZOOM to find nodes to be constrained)

- BOUNDS (constrain nodal degrees of freedom)

A natural frequencies analysis will be performed, so no loads

data are specified at this time.

*7.26



The REFMT program was executed to prepare a data file

for MAGNA analysis. This section details data specification

for a natural frequency analysis of the model. The REFMT

program has interpreted the 16 node elements as MAGNA type 8

element of which there are 45 elements. The sample run

illustrates the definition of undefined material property

types. A final file is generated for a MAGNA analysis.

Sections 7.2.2 through 7.2.5 list the program executions

of the CORGEN / EXPAND/ PREP /REFMT sequence for completing

the T-38 aircraft windshield model.

7.
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7.2.2 CORGEN Execution

CC4MAND- ATTACH4. P.FREPROCESSORPROC. ID. IROKMAN. Me.
AT rv. 991 SN-AFFDL

CC~4D- ATTACH,. TAPES I, * IDSNIELDDATA, CV- 1.
CINNAID- FILES
--LOCAL FILES--

SINPUJT $OUTPUT WP SYAPEII
comei- 110z".coRGE"'.

**u**U BEGIN COROEN 2Xh2XUSSI
Is*COARSE ORID INPUN PREPROCESSORUS

FOR A LISTING OF' CONIWOS10 TYPE 'Cam'
CONM..: CaM

(NODE) DATA
(ELEM)ENT DATA
(GROU)P DATA
(SAVE) CURRNT MODEL
(REST)ORE NODEL
(COOR)DINATE SYSTE
( INTl )WOLATE DATA
(CON)NS LISTING
(DISP)LAY MODEL
(FINI)SH RME
(THICH)11fS
(STOP)
CO!i~ U-- " ODE

OPTIWI.. *cam
NOSE INPUT.01DIT MODPULE
CONNA OPTIOWS

(COMM )5N
(ELP)
(LIST)
(TA3L I
(UME W)MTE
(DELI )TE
(ALIE)R

(FILE) INKUT or COORDS
(KEY)OAED INPUT or 000135
(EXIT)

wOPO..s FILE
KHM TAPE NUIE1R OF FILE
OMWANING DATA (11-101).1 11

(GONG WUS LISTING
CHELP)
(WS) VLAM90

(FILE) 1117INWTION
tyWIN Flu
(INKIP) IleONDS On FILE

THE USER MUS SPECIFY
TWO PARANETERS TO CONTROL

4~ "~J~sOumGOUP CNNG)
0 or GROUPS (NO).

THERE 1SfT KE AT LEAST
NNG 2NO NODES PRESENT.
ENTE * NODES PER GROUP.: 7
ENTER S GROUPS TO BUILD.: 9
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.Now.

a 2 14

35 as 35

7 43 49
9 57 63TOTAL NODES INPUT 6 3

k OPIIOSW.. CORR
NODE IMPUT'EDIT RODUM
COMMND OPTIONS:

(commm

(LIST)

(ALIE)3

(FILE) IPUT OP as33

OPTIW. I EXIT
COMMU..: ICOM

()DATA
c 5)ENT DATA
(OU)p DATA
(1E) Mohw NeL

- - (COU)3I15yg SYSIU
(INTUM"OAE DsA
(OUSE)ANS LISTING

(STOP)

OPTION9.: I003

EIMENN DITOIENAOn
COSUMNOD MmZL*SLE:

(LIST)
(TAL )E OF CLEMENTS

(ALTU )
(INMl)WOLATl
FPILE) INPUT OF CUSMIZCTEV

1C )CAS uNPUT or CgggIEMlIUE?
(NW)
(ET)

IowLA? NOE PRIOR TO
ELEWWf U0DTION (YiN) M
OOIN9.1 9 XIT
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(HELP)
(NODE) DATA
(ELEN )ENT DATA
4 OU)p DATA(SAM) CUmi41wr MODEL
(REST)OR MODEL

(ON)DINATE SYSTEM
(INTE)RPOLATE DATA

(CN)AND$ LISTING
(DISP)LAY MODEL
(FINI)SH MODEL
(THIC KNESS
(STOP)
COMMND..a FIN

STOP
0660A rXIIM EXECUTION FL.

0.361 OP SECONDS EXECUTION TIME.
COMMAND- FILES
-LOCAL FILES-
SINUT $OUTPUT v ITWPEII TAM

TAPEIS
COMMAND- RTIAN.TAPElI.TWES
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7.2.3 EXPAND Execution

CONWID- FILES
--LOCAL FILES--$IPUqLT $OTU v TPEI[

. ¢ 111aHNll |EGIN, EXiAIiP.
n"muammsammnna mna

2 SEGIN EXPAND a[
2 TH1ICKNESS EXPAMION PR4WSM 2

ThICKNESS EXPANSION OPTIONSs
I - EXPAND FROR BOTTW - UP
- EXPAND ASUT NIDPLANE

3- EXPAND F TOP - DOW
Of= OPTION (1,a,3) ........ 8 a

DO YOU UWIS A LISTING OF
EXPANSION DATA cY.N)? ...s N

STOP
034700 NINU EXECUTION FL,
0.317 CP SECON EXECUTION TIN.

UNHAD- FILES
-LOCAL FILS-

TAPE12 SINPUT $UTPUIT pAtEILOTIIL
06 NFIN.APIOTWI00RETURlNTAPE10, TAP[18
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7.2.4 PREP Execution

COWID- FILES
-- LOCAL FILES-
INPUT SOUTPUT v Twll

C.ObW4D- EGIN,PREP,P
~~~mmsnmainnnnnilnzrnnrun

asrZNuasn BEGIN PREP 2 nmusSS
SnS HAGNA PRlEPtOCESSIN UTILITIES :n::*

PLOTTING TERIAMIL ( Y ) ?NSY
TEKTRONIX ORNP (T .H )? S$T

TEKTRONIX TERMINAL TYPES -
0, 46 -1
1, 4010 / 4012 , 4013.' 4M
2, 4014 / 4015
3, 4014 / 401S ( E1H. G1. ROD.
4, 4114

ENTER TERMINAL TYPE ( S - 4 );S3
ENTER CIAACTERS PER SECOND ;SIIS
HURDER OF INPUT DATA FILES ? ;;l
ENTER FILE 8 111
ENTER LAMEL s 1T3u1W

TYPE 'HELP, FOR LIST OF COIUS

IsHELP

AVAILAILE CONIWIDS
-OUNDS - SETS OUNDCARY CONDITION DATA
CONTAC - CREATES CONTACT ELEMENTS FROM FACES OF SOLIDS
COPY - COPIES DATA TO SECOND FILE
CREATE - CREATES NEW MODEL 'FRON SCRATCH'
DELETE - RELEASES MODEL FILES FOR GENERAL US
EDIT - ALLOWS DIRECT EDITING OF DATA FILES
FILL A ADDS NEW MODES TO EXISTING ELEMENTS
HELP - PRINT THIS LIST
LINEA - DEFINE LINEAR (HILTIPOINT) CONSTRAINTS
LIST * LISTING OF AUAILADLE DATA FIV.ES
LOAD ADDS PHYSICAL LOADING DATA

ASK - DELETES NODES FROM EXISTING ELEMENTS
PO s Mre Two DATA FILES INTO ONE MODL
HARE - USER ROUTINE TO MAE MODEL FILES
PLOT - PLOT SELECTED MODEL IN TINEE SPACE
PRINT - PRINTS DATA AT TERMINAL
SPROPS - AD PHYSICAL PROPERTIES DATA
REFINE 9 REFINES SELECTED ELITS
RELECT - REFLECTS MODEL ACROSS USER DEFINED PLIAE
.E..JiER S OPTIMIZES M ODPOINT MURDERING
ROTATE - ROTATES ODEL AMoT COORDINTE AM
SHELL - DEFINES E ENTS AS SHELL OR 3-U
SIFT ELIMINATES UNUSED MODE Il1E0
STOP - PIUS PRO OPERATION
TRASLATE - TRANSLATES MODEL POSITION IN 3-SPACE
TiDY 2 ELIMINATES DUPLICATED NOD
TIME - PRINTS CP TIME SINCE SESSION 111AM
TOLER - CHAN= DEFAULT TOLNCE FACITOR
s -) DOES NOT RETAIN BOUNDARY CODITION, LOADING, OR

LINEAR COSITNAINT DATA.

SPECIFIC IrEmIION ON COu aNS CAN K OBTAINED I
DY ENtERING "P? WILE IN CONM-D MODE.

PLOT
ENTERm INPUT FILE 01 LAMSE TsTEOiD
INITWLITION OF PLOTTING ROUTINE ERA"ES SCRIEN.
m (VN) ? .... Y V
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AT DID OF PLOT, DET9* CAMACTM TO COMIKKNU.
meAw (Y.3 ...
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rk..

*SHRIINK
ENTER THE SHRINK SCALE(O.-I.) ............... 0.3

*oRZEwr
PLOT ORIENTATIO mES?(vY ................. y

SLASEL
LAVEL THE ELEMI'ETS?(Y.N) .................... Y
LAIEL THE IODES(Y,N1) ....................... H

AT END OF PLOT, ENTER CHRRACTER TO CONTIAUE.
'AD (YN) 9 ....s y

T T

Q~sT

4 S

.48

T$T
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ENTER1 INPUT FILE It LADEL JT2UEGRD
ENTER OUTPUT FILE LABEL gjIdOODS
CIEATING NEWl DATA FILE
NASk OPTIONS -

1. * -0 ELEHENTS ONLY
1. a-0 ELERENTS ONLY

ENTER OPTION4... sI
NAX NOSE POSITIO S IN FINAL ELENENTS

PERFORN SUSEQUIENT SF VN )

$I"T CORPLET!
84 UNUSED NoSE DELETE

3Rungl

DIVEll DPW FILE ft LADE sus lowDES
DIER OUTPUT FILE LAME 181EFTI
CRATING NO INMAT FILE

SEG= OWNE RO71TIN..

I - '"lO" LEENT INUTa - NNW OF 1L675T
3 - oEUWTZ UFIIWUNT
DIEN OPTION30

13XU NUHE1 OF ELITSf
WPECIFIASI. -% Is.l

U130 STILL 0mIAlA - Ise

ENTE U KINING ELVKNT MmER MEING ELWIENT
NURE AM I101NEI FO1010MAN.

I - MAN" 91,101 INPUT
a - no"S OF ELININS

1"mW OPT IOION R.T)4)

Owm 0m an EWWT-) me
nlNu CMn PO CLOnW -)o 6

EILY awoEMr 'PS CY.N2 )Yv

PENowo SUOSIT TIDY 'P (Y'") -)Y

TIVY OPTION ONE OR TUO V (OPTI. OPYU NELPm) -)NEW

TIDy OPTION ONE WILL WORC ON ALL MODELS SI1QE
lNoWN TIME.

TIDY *oO Iwo ImCUmE POSITIONALLY DEPImnE
EONVUING oP NoSES AM VMIIS FAST& ON "OST

SINCE oOPTO TuO aN COHOCZSLUA VWN~N
M PROP ALL THM comoSmI DINBCIIONS AMl

EWImIALLY CALL OPTION 006 IF NCISSASY OPTION
ONE NNV SE FAMERTIUOPTION Tlo IN Sam CAME

IT is SUGGESTED T an aPINW K ?RIED FIIII
00l OPTION ONE KE USED IF TIE Wish"6

soPTom TWO FrAnE. OPTION ONE KING INUM*

IS DISPLAWS.

TIDY OPTON ONE OR TWO 'p (OPTI. Op", EIP ->amV

TIDY COWLETE
6a DWLICATs NOWE DLETED
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-- 1

8R REFINE
ENTE INPUT FILE $1 LABEL gjR]INl
ENTER OUTPUT FILE LABEL a sEFIN
CREATING HEM DATA FILE

BEGI WEFINE FOUINE...

I - RANMN ELENENT INPUT
a - RMa. OF ELEMENTS
3 - EXECUTE REFI1NEWT
OftEN OPTION ->)
MaINI mMUuE OF ELEIENTS

SPECIFIABLE -> iN
MUCDE STILL AUAILABLE -IS*5

ENTE DEOIW4ING ELEMN mumDER. ENDING ELEMENT
UlDER. NO INCUEIENT FOR N

ENT IIGUONE]IDlCR - )1.3,1

I - UMUNl ELENT INPUT

3 - EXECUTE WIIWn
aTr OPTION -)3
81 CUT DI TON (RS.T) 34

MAXIMUM CUTS PER ELEMENT -> 5
DNE CUTS PEN ELEMENT --- )8

- EGEUALLY SPACED CUTS ? (V.N) )N

ENTER CUT POSITIONING I"
ASCENDING ORDER (0-100) -)45,95

REFINE COlPLETE.
PERFORN SUBSEQUENT TIDY ? (V.H) -)V

TIDY OPTION ONE ON TVO 7 (OPTI, OPTI, HELP) -)OPTa

TIDY COPUET
20 DUPLICATE NODES DELETED

LIST

LISTING OF DATA FILES AIALAILE
i 8510 0-- liNGOES

611 - IIURD
$IR --- REFINI
613 - EFI

DELETE-';. m . ,,amu

DELETE
ENTE LAML 1 STJIEGRD

is DELETE
04106 LAME!. SIMN

PIIPLOT
ENITER INPUT FILE 01 LADEL $SFEIN

ICRIEIT
PLOT ORIDTA0ION (ESrP(v.N) .................. N

ENTER THE $lINK SCAL(S.-l.) ............... O

AT 00 OF PLOT, E11E NARACTE TO CONTINUE.
REAWY (VN) P .... , v

S7.36
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* 'MAINE

ENTER INPUT FILE $1 LAME JIREFINU
ENTER OUTPUT FILE LAME s,,WIN3
CREATING NEW DATA FILE

BEGIN WINTE ROUIN...
1I- RAMND ELEMNT III
8 - RANGE OP ELEMENTS
3 - EXECUTE WEINEMENIT
ENTER OPTION 1-- --
AXIMUM lI!MBE OF ELEMENTS

SPIECIIALE -IS*-) 15
IWNER STILL AMMILABLE -> ISO

ENTE ELEMENT NUMBER NO (RITUMD FOR EA04
ELEMENT TO BE WINED. ELEMENTS HEED NOT KE
ENTEME IN ASCENDING ORDER E LEMENT NUMBER 0
TERMNNTES INPUT.

ENTE ELEMNT S -)19
ENTE ELEMENT 0 -- >80
ENTER ELEMENT 9 -MlI
ENTE ELEMENT 8 -M
ENTER ELEMENT S - )0
ENTER ELWWITr S l
13
ENTER ELLEMENT 8 -)3
eE ELEMENT S -)4

ENTE ELEMENT SM
ENTE ELEMEN 0 -3
ENTER &EW - ),a4
ENTE ELEE!M S >
ENTE ELEMEN S )
ENTE ELEMENT S - 9
ENTE ELEMENT * -)IS

EN ELEMENT S - )Is
ENTER LEEM 0 )If
ENTE ELNT S -8

I - RMO ELEMENT INPUT
2 - RANG OF ELEMENTS
3 - EXECUTE3 WIEMENT
Enk OPTION),

ENE wCi DIRECTIN (R.S.T) I's

0I UTS PER LAMT - 3,

ISILY PAO CUTS ? CYN) >Y

WVINE COMPLETE.
POW""R SUHEGUENT TIDY ? YN) ->Y

TIDY OPTION ONE OR TWO I (OPTI. OPTI. HELP) -)OPTU

TIDY COMPLETE
1I6 DUPLICATE NOSES DELETE

VCHLIMPR
001 OUPUILE LABEL J;mWIN3
CREATING NEo DATA FILE gEUD

NODE POINT IREORERING COMPLET

NOWA BANDIDTH (OLD) a 70
NO0DAL MAMMDTH (NEM) a 70
asTIME

THE CPU TIME FROM THE 9STT OP THIS KNSIO14 IS Ig.o= KEC.
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itLIST

LISTING OF Omh FILIES MIABLE

$19 - uFIm

BELEME
Or= LAhM

BsELEME
[NoT LAGM ,UN

DOTE DWUT FILE ft LAIM jI1I
ENIU OUTPUT FILE LAME isIDUIE

~lEATNO - DATA FILE

ROSE POINT UEoINS COWLET

HOW usin DUUII COLD) e 70
1109f. VAMMDN (NN) a 70

aPLOT
SMDt PILE 91 LAME SSIULd34

MT OR OF PLOT. WOi CAMuiu TO ON INI.
RADY (V.1) ? .. SV
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ti.A3EL
LABEL TE LMETS?4Y,N) ..............
LABEL THE1 NODS'(V.N) .... o..... .... s
LABEL ALL Tl4E SUFACKS?(Y*N) ......... s N
ENTER THE1 SUIRFACE NO. (0-6, 0 PLOTS ALL) .... * 1S

SHELP
COMMAND DESCRIPTION

Sg*s~s *23**SSSSf
AME AXES DRAW AMD LABEL
SOUNDS PLOT BOUNDARY CONDITIONS
CLIP CLIP PLANE POSITION
CUSE SET MINIMAh AND MAXIMA
DEFAULT SET DEFAULT VALUES
DRA DRA MODEL
ELMNTS PLOTS ALL OR SELECTED ELEMENTS
EYE EYE POSITION
HELP LIST ALL COMMANDS
LAUELS LADELS ELEMENTS ANDOR NODES
MAIN NEEIS CONTROL TO MAIN PROGA
ORIENT PLOT R S.T ORIENTATION AXES
PROJECTION PROJECTION TYPE
RELECT REFLECT A PLANE
ROTATE ROTATE MODEL ABOUT AXES
SCALE So"L PLOT
SHRINK SHRINK4 ELEMENTS
SUAR LIST ALL PAAMTER VALUES
TIM PRINT CPU TIME SINCE START OF SESSION
TRASLATE TRANSLATE MODEL FRO ORIGIN
VERTICAL VERTICAL AXIS
ZOOM ZOOM ON THE1 NODEL
SITE SITE POSITION

SEW
ENTE THE EYE POSITION,
NEVE. VEYE. ZEYE * ......... 00 ............. ** IOsm Is*

olE
PLOT ALL T141 ELWWI3TST(Y.N) *................. N
ELEMENT INPUT OPTIONS
OPTIONi 18 RANDOM ELEMENTS(4,13, 64....)

UHERE FIRST DIGIT - NO. ELEMENTS
-:OPTION 31 MWWO LMNSI98FOR 1-S.INC OF a)

* AT 1Do OF PLOT, ENTER CHRACTER TO CONTINUE.
*WN (Y.N) 'P .... I Y

7.40
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DO YOU UNIT T..o 7- .1 NCIZO (yon) . ...... 
SCAE T ZOl O AAA c V N) P ..... ....
DrGZm= T[ LaOtS Lid,+ ComoER
A THE M fSe? Cormm OF THE
zoo" AM*RED(Y.N) ................................ 8 y

At END O" PI.OT. PL OT R CNACTE TO COHYINUI.
"iEADY (V.) ' Y.... V

is

I U"

: -

3?

N 40
N

so

73

7.41



*zoo"
DO YOU WANT THE ZOOM FUNCTION (VON) IP .... N

&ELIE"
PLOT ALL THE CLEMENTSM(YN) ............
ELEMENT INPUT OPTIONS
OPTION is RAN ELEHENTS(4,13,64,...)

WERE frwsv DZGIT a MO. CLEMEN7S
OPI"as RN OF EU.EENTSU.9.a r 1-S.1mC OF a)
w THINPU OPTION(l.2) ......... I

ENTER THE ELEMEWTS ........... ................. 6 7.34.35.40.41.4a
SLAIE
LAME THE ELEINTS?(Y.N)...... ............... N
LAME. THE OUESY(V.N).........................8 V
LAML ALL THE SUFACESY(Y.N).................8 N
ENTER THE StNPACE NO. (",6 0 PLOTS ALL) ....I 3

*ow

AT END OF PLOT. ENTER OVAUTER TO CONTINUE.
HEADY (Y.N) 'P..2V

aa

3
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Do YOU UAI? THE zoom~ FUNCTION (y.N) P......i y
SCALE TEZOAM VM ... o....... N
DIGITIZE THE LOWhR LEFT CORNER

AND THE UPRm MIGHT COINER OF THE

AT END Of PLOT, ENTER CNARAC'FEl TO CONTINUE.
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PLOT ALL THE ELEMENTSMC.N) .......... N
ELEMNT INPUT OPTIONS

*OPTION is RAMDOM ELEMENTSC4.13*84 ...
WHERE FIRST DIGIT a NO. ELEMENTS

OPTION a: RANGE OF ELEMNT(I.S.a FOR 1-9,ZNC OF 2)
ENTE THE INPUT OPTZON(II)................... a
ENTER TI4E ELEMlENTS............................ 109.1

DO YOU VANT THE ZOOM FWICTION (YaN) 7P.......N

AT END OF PLOT. ENTER CHARACTER TO CONTINUE.
READY (Y,N) 'P .... 2 Y

43
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DO You WT THE ZOOM FUNCTION (Y.") I ........ N

TIME

ECPU TIE FROM THE START OF THIS SESSION IS 16.66 SEC.

PROPS
ENTER INPUT FILE $1 LABEL s gRENUN34
ENTER OUTPUT FILE LAEL jjPROPS
CREATING NEWI DATA FILE

EEETINPUT OPTIONS
1) ALL 2-D ELEMENTS
2) ALL 3-0 ELEMENTS
3) ALL ELEMIENTS
4) RANDOM ELEMENTS
S) RNE OF ELEMENTS

ENTER OPTION... i a

ELEMENT TYPES AUJAILALE...
0 - DEFtAILT ( .MEDRANE.SOLID)
I - SHELL OR WEARa - PLANE[ STRE[SS (ma )
3 - PLANE STRAIN
4 - AXISYNETRIC
S - SHEAR PANEL
6 - ONTACT ELEMENT

PRESENT ELEENT TPE - •
CHANGE (YN) * ......... N

I RIAL TYPE - 0
CHAGE (Y.N) .......... N

INTElE[TION OPTIONS AMAILABLE -
0 - DEFMILT FOR ELEIW]T TYPE
I - SIMLE POINT
S - "IMFACK POINTS
a - a,- PT. AUSS

14 - IRON'S RULE
87 - 3 - PT. GUSS
ESENT INTeORATION ORDER *0

CHNGE (YN) ..... • .... y
ENTE MU INTERTION 0111... 14

ELEPIWIT PRINTING OPTIONS-
0 - PRINTING ON
I - PRINTING OFF

PRESENT PRINTING OPTION * 0
CHNE ( Y. N ) ...... N

a: ,OUNaS
ENTER INPUT FILE 01 LABEL. SPROPS
ENR OUTPUT FILE LA EL SSDOUNDG
CREATING NMEM DATA FILE

IOUNDARY CONDITIONS MAY N ENTERED FOR RANDOM
NOSES RANGES Of NODES. ALL NODES ON A PLANE.
ON TiH ENTIRE MODEL.

FOR EACH GROUP OF ODES,. CONSTRAINTS NY K1 SET
IN AY COMIISATION OF THE X V & 2 DIRECTIONS.4 (NOTE THAT 8-3 MODELS MUST fi fIXED IN 2)

CONSTRAINT DIRECTION CODE CONSTRUCTED AS FOLLOWS

ENTRY I - '1' FOR CONSTRAINED IN X DIRECTION
-0' FOR UNCONSTRAINED IN X DIRECTION

off" a - SAM FORYV
2MR - SA FOR 2

pE -) '1.0,1 FOR CONSTRAINTS IN X AN 2
DIrECTIOM DUT NOT IN V.
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I - INORR NOSs
3 - SPECIFIED PLANE
4 - ALL NOSES

EMMl~ IUS SELECTION OPTIC" (Ila,... 5) -1

Dliii CONSIWAINT DIRECTION CODE (toD VALLES) ->1 1 1

FOLLOW EACHNOSE DitUiE BY TYPING 'KIl1
Dlii '6' 'NE ' TO DoD fllN
Dlii NOSE -3
GMii NOSE -)4
ENTi NOSE -. )7
Dlii NOWE ->13
Dlii NOSE -31"
Dlii NOSE -),27

9lim NOSE -]on
Dli NOSE ->4B
0lii NOSE -3694
am=i NOSE -)a?
Dlii NOSE ->1
wlin NOSE -).a
Dliii NOSE A
ofii HOW -30
amii NOSE -),1s
0li NOSE -335
emui NOSE -M3
On=i NOSE -36
Dliii NOSE ->~4
c"Ii NoSE -355
alim NOSE -355
6"mi NOEM 3

~ - R-ANCORNODES
a -ANGEONODES

3SPECIFIED PLANE
4 - ALL NODES

*~ *.- EXIT

COL NOWE SELCTION OPTION (1l42#...5) )1

Dlii CONSTRAINT DIRECTON CODE 1T A~l -30 1 0

FOLLOW Ac NOSE emu=gBy TYPImS 'IMNEN'
van -$, 'o TO D arY*

81112 NOWE -378
"li OSE -1073

DINTM NOWE ->go
afoot NOSE -)113
Dlii NOSE -. %138
143
Dlii NOSE -148
Dlii NOSE -)11$
0liEi NOSE ->174
aliin tE-
194
ulim NOSE -)M5

iiiM NOSE -)af
ami NOSE -333
Dlii NOSE ->846
DIi NOSE -)81
ENTi NOSE -3364 ~V Dli OSE ->301
ENTi NOSE -323
Dlii HOSE -33
Dlii NOSE -30

~ - M- OMNOS
a - mmS OF NOS
3 - SPECIFIED FLW
4 - ALL NOSE
S - EXIT

Dlii NOSE SELECTION OPTION (1.110...5) -M

40 BOUDA COIION ASD=
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aS TOP

LISTING OF DATA FILES AUILABLE

ao - PROPS
oil - REIUM94

* ~Sia N-SUNNS

* STOP
4404 MAXIMUM EXECUT1014 FL.

17.031 CP SECONDS EXECJT:OH TIME.
FILE QUOTA EXCEEDED
CONWIDM- FILES

LOCAL FILE$--
$INPUT $OUTPUT 2, TAPElI TAPEIG
TAPE5 TAE1U

COAPEI4 R9UTAPEIS TAPEI TAPEI? API

COUPUND- FILES
-LOCAL FILES-

SIPPUT $OUTPUT UP TAPEIS
COW4S- EEUID.TAPEla
CONKAND- COPY3F TAPEla UNFRI

EOR ENCOUTRW I AFTERCOPY OF FILE
0 RECORD ICauWMN- iiiTPa
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7.2.5 REFMT Execution

COMI~D- FILES
--LO'?AL FILE$--

41t4PUT $OUTPUT *P UMFWT
* COMMAND- DEI,WMT.P.

KOIM 11PM? MAMI INPUT 404ERTOR

USUIWR OF INITIAL SCAN OF DATA FILE

~W190 OF NODAL POINTS ....... 336
ML~mIE OF ELEMENTS (TOTAL) ... 45
WADER OF *OS N CRS. 4

Hunm=i or NODAL LOADSN ...

IMUER OF ELEMENT LAS...
DISTINCT LOAD CASM * =OUPS 0

MAGMAE W OO ELOWTS WITH
CLEMENTr TYPE CLEIWNTS UnmPI. VTSL

OMU A 16K-LIE PROSLE 71711 OP TO SO CHANA71M PER LINE)

11WCANPYSYTRIC ONEL - SIWLEUW ITS - EIGOWAILE SOLUTION

WAon SOLUTION OPTIONS meS PARMEUS

On"E MALYSIS TypE (LINWAONUINA -LINM

E07E ANALYSIS SUSTVPE (STATIC. DVHAIC )--DUMAIC
SY1~IC SOLUTION TYPE (EllEN .TASeff) -ElUm

W=TE am OF FNUANIE TO KCOMMD -4

CONSIS1Ur MAAS mmAInR TO K UmD IWN) -- y

POSPRCESO FILE TO K URITYI CY*N) -V

to0 oF OPIN SPEICATIOIU

* INIINDIL ELEMEN IN TNE HOWL CONTAIMMOVNEDI PROPERTIES

ELEAMT TYK *
MODE OF E1.0W0T78 46

-~~~ PLEMIE DEFIN A DFAULT PROPERTY COW FOR THIS ELEMIENT TYPE.
OR EN MATERIALS DATA DIRECTL 311.W.
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-- MATERIAL PROPERTY DEFINITION OPTIONS

" -E -- ENTER PROPERTY DATA DIRECTLY
S- uC -- SPECIFY A LIBRARY PROPERTY CODE

L -- LIST SELECTED LIBRARY ENTRIES

ENTER OPTION ( E , . L ) - -L

LIBRARY MATERIAL DESCRIPTIONS CAN BE LISTED DY MATERIAL TYPE
VALID MATERIAL TYPES ARE AS FOLLOUS ----

ACRYL - ACRYLICS
ALUMI - ALUMINUM ALLOYS
CASTI - CAST IRONS
COPPR - COPPER-BASED ALLOYSC'"rLASS - CLASSE[S

MAGNS - MAGNESIUM ALLOYS
NICKL - NICKEL ALLOYS
PLYHE - POLYMERIC MATERIALS
POLYC - POLYCARIOTES
STEEL - CARION STEELS
STSTL - STAINLESS STEELS
TuNAl - TITANIUM

ENTER MATERIAL TYPE (STEELSTSTLETC. )-GLASS

MAIL. CODE ........... .DESCRIPTIO ... .............

663 GLASS - SODA LINE GLASS, FULLY TEMPERED
"66e35 GLASS - P9G HERCULITE-Il, CHER.STREGTHEED
e640 GLASS - ANNEALED GLASS, GENERIC

66648 GLASS - PUB *.a$ PLASTICIZER. O.C.

MATERIAL PROPERTY DEFINITION OPTIONS

E - ETER PROPERTY DATA DIRECTLY
C - SPECIFY A LIBRARY PROPERTY CODE
. - LIST SELECTED LIBRARY ENTRIES--

ENTER OPTIO -( CE C , L )

ENTER LIBRARY PROPERTY CODE -840

MATERIAL PROPERTIES DEFINI-ION FOR THE MODEL IS COMPLETE.
AT THIS POINT MATERIALS DATA MAY BE EDITED AS NECESSARY.
(NOTE THAT SOME DATA iHICH IS UNIMPORTANT FOR THE CURRENT
ANALYSIS MAY BE DEFINED AS ZERO)

CURRENT PROPERTIES ARE LISTED DELOU ---

CODE MODULUS POIS.RATIO DENSITY YIELD STR. TIER.EXP.

-3 .1M+S@ .aaS6+* .a3514-3 .6S$6+604 0.

L - (L)IST CURRENT PROPERTIES TABLE
C - (C)HANGE AN ENTRY IN THE TABLE
S * (S)TOP EDITING

ETER OPTION (LC.S )L ,. ...- S

3 3.
-.- $ DATA GENERATION COMPLETE "

STOP
066 MAXIMUM EXECUTION FL.

1. 63 CP SECONDS EXECUTION TIME.
CdMMAND- REVIND FITA
COMMAND- RE0U15**DATA XPP.
COMND- COPYWDAATA * DATA.

," .COM - CiATALOG,DATAUINDS1IEI.DATAIGENi ID- IROCICMARPl6-

7.50
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47

- 7.3 EXECUTION OF IJKGEN / PREP / REFMT SEQUENCE

This Subsection contains a preprocessing example demon-

strating the use of the default options provided in IJKGEN

(Subsection 2.2) to generate a three-dimensional model of a

folded plate-type structure. The use of user-written sub-

routines within IJKGEN is described separately in Appendix D.

The component to be modelled in this hypothetical example

involves a folded plate containing both flat and cylindrical

geometry. The plate is twenty inches wide, with symmetry

assumed along its centerline. Its folded edges are repre-

sented by 90-degree cylindrical segments of mean radius 5.1

inches, and ten incheE long (half the width of the plate).

- A flat segment between the folded edges is 40 inches in length,

0 and symmetry is assumed along the center of this panel as well.

The thickness of the entire panel is uniform, at 0.20 inches.

* 7.3.1 Summary of Modelling Procedure

The basic geometric components of the plate are the flat

. section and its cylindrical ends. These are generated in IJKGEN

" separately, using the default coordinate system and mesh grading

options:

- Rectangular segment : Cartesian coordinates, graded mesh

-Cylindrical segment : Cylindrical coordinates, uniform mesh.

7.51



The rectangular (flat) portion of the mesh has been refined

*[ slightly near the symmetric center section, where a band of

" pressure will be applied in the analysis. The row of elements

• .to be joined to the cylindrical end has been made four times as

long as the row at the center, and the grid is uniform in the

*" remaining two directions.

The two substructures created in IJKGEN are assembled with

the use of PREP, after using the TRANslate and ROTAte operations

to position them properly. Observe that the flat section of the

plate could have been positioned properly in IJKGEN by an

appropriate selection of the minima and maxima; however, the

repositioning has been performed here to demonstrate more of the

,. features of PREP.

The sequence of operations performed in PREP is summarized

below for easy reference:

Step 1. Verification of IJKGEN-Generated Models

- PLOT (Plot original cylinder data)

- MASK (Convert cylinder to 16-node elements)

- PLOT (Plot original plate data)

- MASK (Convert plate to 16-node elements)

Step 2. Repositioning of Plate Model Segment

- ROTAte (Two 90-degree rotations of plate model)
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" . - PLOT (Verify that rotations are correct)

- TRANslate (Move plate next to cylindrical segment)

- PLOT (Verify that plate is positioned)

Step 3. Combination of Flat Plate and Cylindrical Sections

. - MERGe (Combine the two models)

- PLOT (Verify that it has been done correctly)

Step 4. Finish Geometric Model

- RENUmber (Reorder nodes to reduce bandwidth)

- RENUmber (Verify that a second pass not needed)

Step 5. Apply Boundary Conditions and Loads

- BOUNds (Apply symmetry conditions on the edges

Z=0 and Y=-10.; clamp the free end of

the cylindrical segment, X=0.)

- PLOT (Use ORIENT plot option to determine

the correct surface numbers for

pressures)

- LOADs (Apply inward pressure on the upper

faces of elements 41 through 50)

Step 6. Finish Model by Assigning Properties

- PROPerty (Assign all elements as solids, to be

integrated using a 14-point quadrature

75
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rule; leave the specification of

materials data for the REFMT step)

- LIST (Make sure of the local file number

which contains the completed model;

in this case, local file TAPE12 must

be saved)

- STOP (Leave PREP)

The above sequence of operations is typical for modelling

data generated with IJKGEN, in which the original model can be

generated with the necessary degree of refinement. It is worth

noting that the specification of properties, which is quite

simple in this case, can become more tedious when several

materials are involved and a number of REFIne operations are

needed. In such cases, it is a good practice to assign the

properties at an early stage, where the element numbering

sequence is generally more regular.

The final phase of model generation is the REFMT step, in

" which a complete data deck for the MAGNA program is generated-

in this example. The initial output from REFMT indicates that

the data has been read correctly, and that REFMT has properly

interpreted the 16-node elements as being Type 8 elements in

MAGNA. The following options have been selected through

additional user inputs:
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- nonlinear, static solution;

I* . .- 10-increment solution, using a constant time step;

- combined full and modified Newton-Raphson iterations;

- printing at every other increment, and writing of a post-

processor file at every five increments;

- restart file to be written at every other increment, with

the restart file label FPLT.

The next segment of REFMT execution deals with material

properties, since none were specified within PREP. Since al

elements in the model contain the same material code (zero),

the user is requested to define a default material code for

all Type 8 elements having this material code. Entries for

* carbon steels are listed from the materials library, and a

default material code of 120 (G10500 steel) is selected. No

editing of the materials data is performed, although entries

may be altered selectively as many times as necessary.

Finally, information is requested concerning the variation

.- of the applied loads for the nonlinear solution. Since the

.. solution is static, a ramp function is selected (option 3),

causing the loads to applied incrementally in equal steps.

The pressure magnitude input in PREP is retained as the peak

loading value, and all pressures are define& as being 'live

* loads', to be updated according to the current surface orien-

tation continuously during the nonlinear ana.ysis.
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Once the data generation is complete, the local file FDATA,

which contains the complete input deck for MAGNA, is cataloged

as a permanent disk file with the name FOLDEDPLATEDATA. All

that remains to perform the nonlinear analysis is the submission

of the proper job control stream for MAGNA, as described in

Reference [4].

The complete modelling session, including all printed output

and plotting, is reproduced in Paragraphs 7.3.2 through 7.3.4

below.
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7.3.2 IJKGEN Execution

AT CY. MO SNOMPDL
COUMWlED- DEGIN, IJKGEIP.

IJK GE N - E [noN OF GEOMETRIC MESH DATA FOR SOLID.TIKSHILL OR PLATE FINITE ELEMENT MomELS USING AN iNTEGER -CO..-DI_E INDEXING SCHEME. OPTIONAL Use ROUIMES ARE -
,() SUFAC (ZIJ,K,.ALPHA.ETA.,ZETA) - WINE MESH GEOMERY
(2) CEDTRN (ALPHA.BETA ZET .X.y.Z) - COOED. TRANSFORMIOM

.UILT-IN OPTIONS INCLUDE MECTANOLARl, CYLINDRICAL OR SPHERICAL
iDI NATES ND UMIFOllRM OR PROPORTIONALLY GRADED MESH SPACING
(3) URIMPT - USER P*Im TER IpU ROUTINE (INIIAIZE DATA

IN LANK COMM)O

....... 0.......*. ... ****.... . .. *.

-. "x= USER SUrOUTINE 'SUWACN' aOT GIEN .. m
"UILT-IN MESH DIUISION OPTIONS AE AS FOLLOW -(1) - UNIFORM MESH IN EACH DIRECTION
(8) - ORA= MESH (SP[CIF RATIO OF FIRSTTr VMN SIZE

Olen OPTION ( 1 # a ) i
ENTER THE RATIO OF FIRST / LAST ELENT, LENGTHS FOR EACH
COORDINATE DIRECTION (ALPHA., llA. ZETA) (3-1 FOR UNIFOR )

ENTE1 LENGTH RATIOS (RlRUR3) ........ 4., 1., 1.

• 2232- USER SUVROMNE 0CRVDTR NOT GIIJEN UmmuMX

SUlLY-IN COORDINATE SYSTEM TRANSFORMTION OPTIONS ARE -- -
(1) RECTANGULAR. (a) CYLINDRICAL. (3) SPHERICAL
KINTER COIN1ATE SYSTEM OPTION (1.8.3) -1

*3 PLEASE NOTE THE FOLLOI COIIENTIONS FOR RECTANGULA SYSTEM X*
"A"PN " -X 'r, EA Y 'ZETA'I Z

A +" IG -W SYSTEM IS ASISMED.

ENTER LIMITING SURACE COORDINATE VALUES

1. A.PNA(CIN) 8. BeALPACMX)
3. 11T (HIN) 4. BETA (MAX)
S. ZETA (NIM) . ZETA (MAX)

., O.O. 13l.O, 6.O 0. .O .0.0.

-TEN Til MNER OP ELEMENITS TO K 4E3-
sum IN THE AlA. 37 AN ZETA C0-
ORDITE[ DINETIE OS SPECTILY .... L, 1

Gm 1wrt PIHEm u
WOOEE OP NOSES TO K WDRD1Ta * 413
NmE OP ELEmT TO B wVwmI1Do 30

THE THIICOI DIRECTION OP THE MODEL (IF ONE 9XISTS. AS IN A
THICK SHELL) MUST K IDENTIFIED TO ORIENT ELEMENTS PROPERLY.
OPTIONS NIE (IMUAHA, ()IETA, (2)474, OR (4)lNMPORTAT.

ENTER THIt E D1ECTION CODE (1.4,3.4) -3

DATAm WE010fN COMPLETE *a

==U 1Cm TENU stu
STOP
006100 RAPIN CXZCON FL.

--- 0.179 CP SECONDS E)ECUTIGN TIME.
- * 0O1-CP UNFTTAPEII

got EMOITRZOh ITE COPY OP FILE
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COMMAIID- BEGIN,. IJKGEN,.P.

***s*=* KIlN IJKGEN sz,**.,,..

I J K S E N4 - GERATION OF GEOMER IC MESH DATA FOR SOLID,
THICK SHELL OR PLATE FINITE ELEMENT MODELS, USING AN INTEGER -
-COORDINATE INDEXING SCHEME. OPTIONAL USER ROUTINES ARE -

(1) SURrAC (JIKALPHABETAZETA) - DEFINE MESH GEOMETRY
(2) CRDTRH (ALPHA.ETAZETA.X.Y.Z) - COORD. TRANSFORMATION

DUILT-IN OPTIONS INCLUDE RECTANGULAR. CYLINDRICAL OR SPHERICAL
COORDINATES, AND UNIFORM OR PROPORTIONALLY GRADED MESH SPACING

(3) UINPUT - USER PARAMETER INPUT ROUTINE (INITIALIZE DATA
7- BLANI COMMON)

.U . . USER SUIROUTINE 'SURFAC' NOT GlIm UUs UUM

BUILT-IN MESH DIVISION OPTIONS ARE AS FOLLOW -
(1) - UNIFORM MESH IN EACH DIRECTION
(1) - GRADED MESH (SPECIFY RATIO OF FIRST.OLAST ELEMENT SIZE

ITER OPTION ( I , 2 ) ................ 1

*U***n USER SUBROUTIME 'CUDRN' NOT GIVEN 22U3U2

DUILT-IN COORDINATE SYSTEM TRANSFORMATION OPTIONS ARE - - -
(1) RECTANWAR, (a) CYLINDRICAL. (3) SPHERICAL

ENTEM COORDINATE SYSTEM OPTION (1,2,3) -a

2 PLEASE NOTE THE FOLLOWING CONVENTIONS FOR CYLINDRICAL SYSTEM U

'ALPHA' - RADIUS 'IEA' - NGLE 'ZETA' * AXIAL
SYSTEM IS RIGHT-HANDED, WITH ALL ANGLES MEASURED IN DEGREES.

ENTER LIMITING SURFACE ORDINATE UALUES -

1. ALPHA(NIN) a. ALPHA(MAX)
2. .TA (NIM) 4. BETA (MAX)
S. ZETA (N) S. ZETA (MAX)

.05..0.0. 90.10. 0.0. 10.0

ETR THE NUMIER OF ELEMENM TO It GlE-
OWANED IN THE ALPHA, ETA AN ZETA CO-
ORDINATE DIRECTION RESPECTIVELY .... 1,4,5

*it BEGIN GENERATION PHASE S

NUMBER OF NODES TO Bi GENERATED * 39
NURSER3 OF ELEMENTS To BE GENERATEDs 20
THE THICKNESS DIRECTION OF THE MODEL (IF ONE EXISTS AS IN A1
THICK SHELL) MUST BE IDENTIFIED TO ORIENT ELEMENTS ARPERY.

OPTIONS ARE (1)JH, (3)lTA, (3)ZETA, 0 (4)(UNIMPOrTANT).

ENTER THICKNESS DIRECTION CODE (1,a,3,4) - 1

UIX DATA GENERATION COMPLETE Ut
USUS IJIKGEH TERMINATED US=

STOP
0610 MAXIMUM EXECUTION FL.
0.141 CP SECONDS EXECUTION TIME.

co ND- REMUNDoUNFMT.
COMMAND COPY3F UNFMT TAPEIS.

£01 ,NCOIT AFTEl COPY OF FILE
S RECORD I

coW RifUR.wUNT.
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7.3.3 PREP Execution

PLOTTWING TERfINAL C V . Of ?SPgg
- . ?1ITOIXOR* ( T.H )? SIT

'FEICIWOX TEMlINAL TYPES -
-. S 04006-1

1. 4010 /4012 - 4013 1 4ON
8. 4014 /4015
3. 4014 /4016 E IN. ON. "09. 1
4. 4114

OffER TERNIHAL TYPE 0 - 4 )SS3
ENTRu CHARAmCTRuS PER SECoo IIIaa
HNMER OF INPUT DATA% FILES ? S Sa
ENTER FILE 8 $210
OitR LASI 8 SCYL-1
ENTE LA SrT-l

MYE 'IN!"' FOR LIST FCNAU

'2LIST

LISTING OF DATA FILES MMIILMME

aPLOT
61T41 IIUW FILE 01 LAME S;CYL-1
INITIALIZATIOK (W PLOTTIN& ROUTIN aIES 5011.
MEAdY (Yen) ? V..
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PLO An IALAD 71 AMSI(Y.,M) .......

- . A~OT END (W PLOT, EN CNAAACT TO CONTINUE.
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11913 WIIUTf FILE LAM DEL-o
CKAING HEM DATA PILE
MOK OPTIONS

1. * -0 CLEHOIS ONLY
a. 8-0 ELEMT ONLY
ofmOPTION...MI.I z.gmvs

IFT OPPL? 9 013T

13 NO MK EE
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* £11M3 ZIPUT FILEa 81 inMuw S8PLT-1
ENTO OUTPUT FILE LAML 3 1PLT-104
OWTINS HEMl DATA FILE
RMg OPTICO -

t.1 3-9 CLEMNT ONLYa. a-s moveIW OmLv
off" PSTION INFYL£E1IS

ma Noc cosw ih N m." ~on

PFINI suUSQUVa SIFT 'P cy.N) ->V

SIFT COMPLETE
M -NS HOlES DELETED

88LIST

LISTING OF DAT FIluS WAILM3E

018 - CYL-1
811 - PLY-I
011 - CYL-100
613 - PLT-181

1113 EL zY-

11111 LVAEL SSPLT-1

Of IPTFILE 1 LAIM ssPLY-IIM
- .. 31arm OUTPUT fIlE LAUM jPLY-WO

UFEMNGI NH DATA FILE
usronom powom ADUom x. MEN V, THEN 2.

LISTING OF DAT FILES WMILUIZ

$10 - PLT-4W
81U - OL-IlK
812 - PLT-IN

as PLOY
ma3 INUT FILE 8 L"S"gPL-0

Af " UO PLOT, al CMYER To cmwl20.
MA (Y.N) IP .... 8 v
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iSLIST

LISTING OF DATA FILS MMILABLE

010 -PLT-WO
01a CYL-ISPI
$13 -PLT-16N

is TRANSLATE
DnUE INPUT FILE $1 LASU! j-sPLT-R0T

* ENTER OUTPUT FILE LAME! j PLT-RDY
CREATING NEW DATA FILE
SHIER TRINULATION FICOA(XIC,~.Fft~I)-l S10, 0.0. 10.8

ENTE LAMI! SgPLT-ROT

KNTE INPUT FILE $I LAMI! JSPLT-mD
WOER nowf FILE " LAIM! AsCY-II

OlTe OUTPUT FILE LAMIISa
CKATI4No I DATA FILE
TIUN OPTON UN9 ON TV*? (OlPTu OPT8. HELP) ->OP?3

TIDY CO~lEim
11 "WU.T NOllS DILEY

isPLOT
muTE im Fits ft LAMM! $SamT

AT 00 OF PLO0T. CNTE CHACIE3 TO CONTINUE.
EASY cy.N) ?...Y

47..

b." • 
-
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* ---- 01'>2

"LIST

LISTING OF DATA FILES AUAZLAULE

M1 BO3TH
$11 - PLY-MO
I - CYL-1SI

$13 -- PLT-100

s8DELE.TE

011 LAIEL ,,PLT4-
OfftE LAUL j j OVI-Iift

SI MLIIT-IIN

ISLIST

USTING OF AT FILES RUAILM

81 10 - 311W
amrI PLOT

M~EN INPUT FILE 01 WLL
WICN AXIS is lTICAL?
HM I FOc x, 2 FOR V. ON 3 FOR 2 .......... i

MEW
VIM1 THE WYE POSITION,
M . YE zU0 *......................... 3... 00 4S 4
LIoI THE EclWWIVrcv.) ................. V
RIlL THE NGUES1(V.N) ....................... IN

PLO OII TRTIO mgsy.mH ............... V

"AT m Or PLOT, D . To R ..,KN (Van) I ....1

7
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a'LIST

LISTIEN OF DATA FILES AAILASLE

f10 -- BOTH

ENTER INPUT FILE #I LABEL jjIOTH
ENTER OUTPUT FILE LABEL s1.1OTH-I
CREATING NE DATA FILE

NODE POINT REOIDERING COMPLETE

NODAW WANDIDTN (OLD) * 55
NOWAL 3W IDUDH (HEM) a 59

UDELE
Do LAME S 53TW3

Ss8 I SOOW
iNE INPUT FILE 81 LAMEL $ 1DOTH

ENfE OUTPUT FILE LAL 5E01K + US
COMING NOlE DATA FILE

0 101 CONDITIONS NAY B E N FOR RAINDON
HODES, RANGE1S OF HUDES, ALL NODES ON A PLM"E.
0S THE ENTIE MOSEL-

FOR EACH OS OF. NOSES, CONSTRAINTS RAY "K SET
IN m COlSINATION OF THE X V, & 2 DIRECTIONS.
(NOW iN1T a-.D ODELS M1ST BE FD IN Z)

CONSTRAINT DIRECTION COE CONS OTRUED AS FOLLOW

ENTRY I - 'I' FOR CONSTRAIMED IN X DIRECTION
'0' FOR UICONSTRAIIED IN X DIRECTION

Dm a - SA M FOR V
9"m 3 - SKM Fr x

0. IPLE 1) .0.1' FORowl I m IN X ND Z
DIRECTIONS DUT NOT I" v,

I - MIN HOiE
8 - NE OF MODES3 - SPECIFIED PLANE4 - 40.1 NODIES

s - EJl?

U II NOOE S1LECTI OPTION 41,,,...) -)3

EN-ER CONSTRAINT DIRECION CODE (THREE IMUIS) -1O0 1

P4LANE IS WINKS Iv AN Y 2 * 3.
ENTER COFICrlW ( A I , C ) 010

43 NOWE FOL9D

I-RANOR NomE
a RANIGE OF NODES
3 -SPECIFIED PLANE
4 - ALLE HS,2, s - ExT

ENTER NOD SELEJUCTON OPTION (- )3,...$) - 3

ET CONSTRAINT lDIRCTION CmOD (THREE MVUES) -) I IS

PLANE Is tEFINED IV AN IV C D.
NRCOEICIENTS A I C -

du NODES FOUND

I - RANOR NODES
a - RANG Of NODS
3 - SPECIFIED PLANE
4 - ALL NODES
S - EXIT

7.69
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ENTER NODE SELECTION OPTION (1~a....S) )3

ETER CONSTRAINT DIRECTION CODE (THREE VALUES) ->O 10

PLANE IS DEFINED 3Y AX + BY CZ • D.
ENTER COEFFICIENTS ( A , I , C D--- ) 1 0 -1 .

a NODES FOUIID

I - RANDOM NODES
2 - RANGE OF NODES
3 - SPECIFIED PLANE
4 - ALL NODES
s - EXIT

ETER NODE SELZCTION OPTION (1,1.... - > 3

ENTER COES1AI ?T DIRECTION CODE (THREE VALUES) - 10 10

PLAE IS DEFINED BY AX B IY * C * 0.
DIER COEFFICIENTS ( A , I C D) -> O IS -US

* 0 NODES FOUND

I - RAN" NODES
8 - RANGE OF NODES
3 - SPECIFIED PLANE
4 - ALL NODES
5 - EXIT

fi DE SELECTION OPTION (lI...5) ->S

8" WJ4JARY CONOITIONS ADDEC
S' BOUNDARY COMCITIONS TO-AL

I LIST

LISTING OF DATA FILES AVAILABLE A6

811 GEO Des I

t8 DELETE
>-.m

ENTER LADEL

*1LOAD
ENE INUT FILE 82 LAEL GEOM R CS
ETER OUTPUT FILE LAL $SALL BUT ROP.

CREATING NEll DATA I1.E

LOAD SPECIFICATION OPTIONS
N - NODL LOAD EMR
E - ELETW LOAD ENTRY
L - LIST EXISTING LOADS
H - PRINTS THIS LIST
-S - STOP LOAD ENTRY

ETER L SPECIFICATION OPTION -)E

ELVKHT SPECIFICATION OPTIONS.
A -ALL ELENENTS
S - SINGLE ELERENT
It - FWNG OF ELEUMT
N - PINTS THIS LIST
t - EXIT ELIV LOAD SPECIFICATION ECTION

DIER ELDNT SPECIFICATION OTION -

IE ELVET SPECIFICATION OPTION -)R
ITER aE m URm ->9
ENT SUAE MOWN -- )
ENTER PRESS '->-14
ONtE MCGIPSEING LDEMY,

4 001s m ->.. 

.77

7.70



061W EWDW SPECIFICATION OPTION -)E

-* LEMAIms ELEIWNT LOAD SPECIFICATION SECTION

a- 1 LOAD SPECIFICAII[n OPTION -)S

LEmDZN~ LOAD SPECIICATION NODULE

: Lsr

LISTING OF DATA FILES AVAILABLE

#IS ALL RUT PROPS
ell GEON + sCS

ET LABEL sac* U~N.DS

isTIME
THE CPU TINE FrO THE START Or THIS SESSION IS 13.031 SEC.

" /. * "PfOPO
ENTE INPUT FILE 81 L a ssALL 311? PU
ENTER OUTPUT FILE LAME .FIML
'¢EtATIN 0i 4 OAt4 FILE "

ELEI INPUT OPTION$
1) ALL "- ELEMS
2) ALL 3-0 ELEMENTS
31 ALL ELE1ITS
4) 11m0 ELEMENT$
s Raw Or Cl.DIMTS

061 OPTION4...:s 3

EEEWTYPES AUILALE...
0 - DEFAULT (10AR.NENUOAME.SOLID)
I - SHELL ON KEAN

.- - - - PLNE $TfhW (MEMIANE)
3 - PLANES TRAINI
4 - 0ISYEMTIC
S .- COirC ELOMWr

PNKI~lr L'LElMEN TYPEq •
FIWOK (Y.N) **......8 N

ImumaI OPTOM U AILMILE -
* - NFU.T FOR uITm TYPE
I - SimE POINT
8 - MISFACE POInT
a -a - PT. WAM
14 - Ril'S NULE
1- 2 - FT. GROW

1W IsmIon OMR 0
aINI. (Y.N) .........8 .
CWT1 N DWCORON USER..., 14

0 - aUn lI on
I - P~mfllm Oam

,.. N. ( Y. N I .... ,. N

II
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."

B : ~t.?OP

LZSTING OF DATA FILES ,AILABLE

$16 - ALL OUT PROPS
$11 --- FINAL

STOP
*641" MAXIMO EXECUTION FL.
10.876 CP SECONDs EXECUTION TIME.

FILE QUOTA EXCEEDED
COMMAND- FILES
-- LOCAL FILES-

TAPEII TAPEsO SINPUT $OUTPUT SP
TAPEII TA[IR TAPIS TAPE13 TAPE14
TAPClS TAPI7

FILE QU OA EXCEEDED
CONRAND- METUMN. TAPElO. TAPEI[. TAPIE13. TAPEI4. TAPIS. TAPEI6. TAPEI7
COMMAND- FILES

LOCAL FILES-
TAPill SINPUT SOUTPUT v TAPEI

COlPAMD- RETURIT 7I11
CO -IWIMMNDTAPEll

COKAHt- COPYDP TAPE 11.WNT
901 ENCOUNTENE ATER COPY OP FILE

7:-

". RE 'I "7.72* .. OKIWE- I~UH.TAPEII
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7.3.4 REFMT Execution

C,:RRVWD- IEG14. EFIr.T.P.

£***ZZtZ ==zSgazas=uhf 3=z

2141H RONT - AOI4 ZIUV GEHNNYCA

as SUMAR OF INITIAL SCAN or DATA FILE UX

HUKNER OF MODAL POINTS ....... 373
HNDER OF ELERElITS (TOTAL) *.. so
.UER or CONSTRAINT RECOS. *
MURDER OF LINEAR CONSTRAINTS. . 0
HUNoER OF NODA. IoAs *....... 3
IPE OF ELEMENT LOADS ...

. DISTINCT LOAD CAS - GROUPS., I

RAGNA MURDER OF ELOUENTS U1M1
ELENT TYPE ELEMENTS UNSEC. NTRL

; SA - OI TITLE tUP TO U CHARACTERS PER LIN)i m... .. '" .. ... .'... ... .3 ....*..... • ..... ... ....o....6 ......... 7 ....
N EAR STATIC ANALYSIS fit" RAU'

' i~~ ~~~ ~ ~~ ---"------ -- _ 2 _ _ .--- .22

RAMO SOUJYON OPTIONS mel PARANTRms

---- nam ----- ---- 4 -----I~ q ------r vMWEN ANLYSIS TWE LIIEA.NmgNirn) -NONLINEAR

011 ANALYSIS uimwuE (ITATICDYUHAIC) )----AIC
w=r TI no 1 1OPI (CUSSl.,IMRl [) -C

omm Ta mm NTa- mmm T= orw - is.
I THE - OF SOLUTION TIM$ S'WS - to

EOUZLIRZMUN ITMbIXO OPIONS AM AS FOLLOW

S 0 NO ITZPATtoN
1. a MODIFID N UON (CONS . STIFFNESS)
a a FULL NEUTON-RAPWSON ITEIATION
3 * COINED FULLMODIFID I4EUTON

DIT MMII UA1iW SOLUTION OPTION (O.1.8.31 -3

q FILE TO K UNflUT (Y-') - Y

Oft THE FEOUENC (IN INCIEM EJW ) AT UNICH
"ISULTS AR TO SAVEo On POSIPROC. FILE -- 5

ARE RESTART FILES TO a Ram (YV,)

AN RESTART FILES TO K WITEN (YV) - Y

*: ENTE HEM RESTART FILE LABEL (4 CHAS. -+,PLY
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ENTfER THE NIER OF INCREMENTS DETUEN
CHECKPOINTS ON THE NEU RESTART FILE ---

END OF OPTIONS SPECIFICATIONS

INDIUIDUAL ELEMENTS IN THE MODEL CONTAINUNDEFINED PROPERTIES

EEETTYPE S
NURDER OF ELEMENTSo so

PLEASE DEFINE A DEFAULT PROPERTY CODE FOR THIS ELEMENT TYPE,
OR ENTER MATERIALS DATA DIRECTLY SELO.0.

MATERIAL PROPERTY DEFINITION OPTIONS

E - ENTE PROPERTY DATA DIRECTLY
C - SPECIFY A LIDMARY PROPERTY CODE

* -L - LIST SELECTED LIBRARY ENTRIES

ENTER OPTION C E . C . L ) -- L

*.ISRAY MATERIAL DESCRIPTIONS CM K LISTED NY MATERIAL TYPE
JALID RATERIAL TYVPES ARE AS FOLLOW -

ACRYL - ACRYLICS
ALUMI - ALUMINUM ALLOYS
CASTI - CAST IRONS
COPPR - COPPER-BA1SED ALLOYS
GLASS -GLASSES

NIAGNS - MAGNESIUM ALLOYS 6
HICKL - NICKEL. ALLOYS
PLYM - POLYMERIC MATERIALS
POLYC - POLYCARDIONATES
STEEL - CARBON STEELS
STSTL - STfrINLESS STEELS
TITHM - TITANIUM

ENTE MATERIAL TYPE (STEELOSTSTLIETC. )-STEEL

MATL. CODE ........... DECTO ........... .....

0010f STEEL - 1565-G 10100 0.1 C MR
00101 STEEL - Um"- 101s* 0.1 C CD
60110 STEEL - LIM"0 10350 .35 C MR
00111 STEEL - illSS 16S5 .35 C CD
00112 STEEL - UpN"SM0105 .35 C DRWN US.F
00110 STEEL - UN" la 1006.5 C HiR
00121 STEEL - too"- 165" 0.5 C aD
*e1l3 STEEL - UNS-O 1lo0 0.5 C DAN 9Sf.F
sets0 STEEL - 1565-4 41400 *o4C-CR-MO MR
010151 STEEL - UNS-4 41400 0. 4C-CR-MO CD

MATERIAL PROPERTY DEFINITION OPTIONS

C ENTER PROPERTY DATA DIRmETY
C -- SPECIFY A LIBRARY PROPERTY CODE
L -- LIST SELECTED LIBRAY ENTRIES

ENTE OPTION (9E *C, L U - -- C

ENTER LIBAY PROPERTY CODE -150

MATERIAL PROPERTIES DEFINITION FaiR THE MODEL IS COMPLETE.
AT THIS POINT MATERIALS DATA MAY KE EDITED AS NECESSARY.
(NOTE THOT SOME DATA WHI1CH is UNIMPORTANT FOR THE CURRENT
ANALYSIS MY KE DEINED AS ZIRO)

CURN PROPERTIEAM LISTED BELOW -
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OME NSMSSI POIS.MATI@ DEPITY YIELD STR. fN.m.

L a WLIN? 01W POPOTIES TABLE
C a (COWS AN 0110Y IN THE TASI.E

0I aOMTIO CMMC )-

(P. POCULUS (P POIS",OHS RATIO,
(D lEh~sITY (y IIZEU STRESS
TMERRAL EXP. 001FF.

ENTER QUANTITY TO BE CWHAGD(O ... )-
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APPENDIX A

PREPROCESSOR FILE DESCRIPTIONS

The preprocessor described in this report deals with two

internal forms and two external forms of finite element model

data. These forms are discussed briefly in Section 6 - Model

Data Files. Table A.1 describes the unformatted 2-D internal

data file that is utilized for shell-like surface models

defined via the programs CORGEN, AGRID a.nd SPATCH described in

Section 2. The EXPAND utility converts all shell surface model

files to the standard unformatted 3-D internal data file illus-

trated in Table A.2. This file type is accessed by the prepro-

cessor and the data translation programs. Once the user has

defined the model, there exist two external file types for

transferring data from the preprocessor to other programs or

computer systems. Table A.3 describes the neutral data file

format, which can be used to transfer data between the prepro-

cessor and other programs, to transmit data between computer

systems, or to archive modeling data in a form which can be

listed on a terminal or line printer. The MAGNA input file,

which is input to TRNSFR and output from REFMT, is described

in detail in Reference [4].
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TABLE A. 1

SHELL SURFACE GEOMETRY FILE

File description: This is an unformatted (binary), sequential file
of surface (2-D) model data output from the data
entry programs AGRID, CORGEN and SPATCH. The
numbering of node points and elements is sequen-
tial with numbering implicit.

Section # Records Variables Description

I NUMNP Number of node points
NUMEL Number of elements

II NUMNP COORD(4) Cartesian coordinates and thick-
ness for node point

III NUMEL NCON(9) Nodal connectivity for element

L'A.3



TABLE A.2

THREE-DIMENSIONAL MODEL DATA FILE
-------------------------------------------------------------------------------

File description: This is an unformatted (binary), seauential file
of three-dimensiahal model data output from the
data entry Program* CREATEP EXPAND and IJKGEN
and the interface routines (e.g. NEUTRAL, IMPRINT
and TRNSFR

Section * Records Variebles Description

I NUMNP Number of node Points
:--NUMEL Number of elements

NUMIC Number of boundary conditions

-. NUMNP MODNUM Mode Point number (arbitrarw)
COORD(3) Cartesian coordinates (XYPZ)

III NUNEL ZELNUN Element number (arbitrarv)
ITYPE Element tupe code
MATRL Material twpe code
ZAXSET Material axis code
INTORD Integration order
IDUN(3) Unused
MCON(27) Nodal connectivity for elements

(variable 1-27 nodes solid)

IV NUNUC ZDEG First node
IEND Last node
INCR Node increment
IDIR(3) List of constrained directions

. 1 NUMNL Number of nodal loads

VI NUNNL NME First node.
MEND Last node
INCR Mode increment

ICASE Case number
F(3) Nodel force vector (XYPZ)

V11 I NUMLE Number of element loads

eVil MUNLE MIg First element
MEND Last element
ZNCR Element increment
ISURF Surface or edge number
ICASE Case number
FORCE Force per unit area/leneth

I IX 1 MUMLC Number of linear constraints

X NUMLC NODE Mode number
XMULT Multiplier for X-displacement
YMULT Multiplier for Y-displacement
ZNULT Multiplier for Z-displacement

----------------------------------------------
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TABLE A03

NEUTRAL FILE DATA FORMAT

File description: This is a formatted (character)p seauential file
of three-dimensional model data output trom the
NEUTRAL Program, Records are all 80 columns.

Seation 4 Records Variable Formet Description

I - MUNNP is Number of node Points
NU£L is Number of elements
NUMIC Is Number of boundars conditions

11 NUINMP NODNUN iS Node Point number (Crbitrarv)
CQORD(3) E13.6 Cartesian coordinates (X,Y,Z)

III NURIEL ELNU" iS Element number (arbitrarv)
ITYPI is Element twpe code
MATRL iS Material twp* code
XAXSET is aterial axis code
INTORD is Integration order
IDU(3) 1S Unused
NCON(27) 1S Connctivitu for elements

(variable 1-27 nodes)

IV NUM Itle Is First node
ZENO iS Last node
INCR iS Node increment
IDIR(i) IS List of donstrained directians

V I SUNNL iS Number of nodal loads

V1 NUNNiL mIi IS First node

MENO iS Last Node
INCE iS Node increment
ICASS iS Case number
F(3) 3KI5.8 Modal force vector (XvYZ)

V1I I NUNLE is Number of element loads

VIll MUNLE MiN IS First element
MEND S Last element
INC iS Element tncrement

* IIU iS Surface or edIe number
ICABE iS Case number
FORCE £15.8 Pores Per unit arve/length

IX I MUNLC is Nmber of linear constraints

X NUNLC NODE is Node number
XNULT £158 Multiplier for X-disetaecsent
YNULT £15.8 Multiplier for Y-displacement
ZHULT £15.4 Multiplier for Z-displacement
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APPENDIX B

POSSIBLE DATA PATHS

Tables B.l and B.2 contain a brief summary of the preprocessing

programs and data file types referred to in this report. These, in

conjunction with the flow chart in Figure 1.1, are intended to aid in

determining the best path to follow through the system in preparing

a finite element analysis model.

For a particular application, the type of data available for use

should be compared with the data entry descriptions given in Table

B.1. The type of data generated .by any of the data entry or translatio

utilities can then be determined from Table B.2. The data type

generated can next be compared with the input file type; in Table B.2

to determine which utility (usually EXPAND or PREP) will be executed 0-

next. Once the model data is stored in the internal, thr.e-dimensionai

file format used by PREP, the data path will generally take the form

PREP --> REFMT --> MAGNA for analysis, or PREP -- > NEUTRAL for the

translation to the format required by other programs.

IA.
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TABLE B.1

PREPROCESSOR MODULE FUNCTIONS

INITIAL DATA GENERATION
AGRID Definition of surface geometry via an

arbitrarily arranged grid of points.
CORGEN Lofting and/or direct data input of arbitrary

surface geometry.
CREATE Direct input and editing of coarse mesh

geometry.
EXPAND Expansion of surface geometry description

ii.to three-dimensional model form.
IJKGEN Mesh generation on analytically-defined

surfaces.
SPATCH Model generation from surface 'patch'

description.

INTERFACING MODULES
IMPRINT Conversion of IMPRESS preprocessor file to

MAGNA preprocess6r format.
NEUTRAL Translation of model data between internal

format and external (text) format.
TRNSFR Conversion of MAGNA input to preprocessor

format.

PREPROCESSING
PREP Model refinement, merging, plotting,

properties definition, etc.
REFMT Generate MAGNA input data deck.

4
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TABLE B.2

PREPROCESSOR FILE TYPES

I FILE TYPE I TYPE FILE I OUTrPUT FROM4 I INPUT TOI

I 1 IInternal 3-D Iunformatted ICREATE I PREP
I IData File I Sequential TRNSFR I REFMTII I IIJKGEN N NEUT RALI

IPREPII
I I EXPAND
I I I I~NEUTRALI
I I I 'IMPRINT I

I2 IInternal 2-D IUnformatted ICORGEN IEXPAND
I IData File I Sequential ISPATCH I

I I I IAGRID I

I3 1Material IForma~ted I - PREP
I I Properties ISequential I REFMT

ILibrary File IIII

I4 INeutral Data File I Formatted INEUTRAL INEUTRALI
I I Sequential. II

I5 IMAGNA Input Deck IFormatted IREFMT IMAGNAI
I I Sequential II TRNSFRI

A. 8



APPENDIX C

ACCESS PROCEDURES FOR PREPROCESSOR MODULES

Procedures for accessing the individual preprocessor modules are

summarized in Tables C.l and C.2 for quick reference. On CDC machines

all of the programs may be. accessed through a single CCL (CYBER Contro

Language) command procedure, PREPROCESSORPROC; execution is initiated

by entering a single BEGIN command as described in Table C.l. On the

VAX 11/780, the DCL (Digital Command Language) procedure [MAGNA.RAB]

CONTROL may be used to control execution, or a RUN command may be

issued directly.

.A
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APPENDIX D

USER SUBROUTINES FOR IJKGEN

The user subroutines for IJKGEN (UINPUT, SURFAC, and CRDTRN) have

the following general forms:

SUBROUTINE UINPUT

COMMON <variable list>

< user- written FORTRAN code to read or initialize

variables in blank COMMON : k .

RETURN

END

SUBROUTINE SURFAC ( I, J, K, ALPHA, BETA, ZETA )
COMMON <variable list>

COMMON / LIMITS / IMAX , JMAX , KMAX

+ ALFALO , ALFAHI , BETALO

+ BETAHI , ZETALO , ZETAHI

•< user - written FORTRAN code to define the curvilinear

A.12
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- .coordinates ALPHA, BETA, and ZETA as functions of I,
- J, and K. The generated coordinates should form a

right-handed coordinate system but are otherwise

arbitrary >

RETURN

END

SUBROUTINE CRDTRN C ALPHA, BETA, ZETA, X, Y, Z )
COMMON <variable list>

;.;. COMMON / LIMITS / IMAX , JMAX , KMAX ,
+ ALFALO , ALFAHI , BETALO ,

+ BETAHI., ZETALO , ZETAHI

< user - written FORTRAN code to define the transformation

from curvilinear coordinates ALPHA, BETA, and ZETA to

right-handed Cartesian coordinates X, Y, Z >

RETURN

END

Normally, UINPUT will not be used unless at least one of the other
routines is also supplied to IJKGEN. When UINPUT is used to set

the values of parameters in blank COMMON, these values will not

p'A
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1

be modified elsewhere within the program and may be used and/or

modified as needed within SURFAC and CRDTRN.

The named COMMON block /LIMITS/ contains data concerning the

limits of the mesh being generated, which is often useful within

the user subroutines SURFAC and CRDTRN. The three integer values

IMAX, JMAX, KMAX contain the maximum values of the generator

indices (their lower limit is always one), and the remaining

parameters describe the lower and upper limits of each of the

curvilinear coordinates, which are requested as keyboard input

during execution. While the data in COMMON /LIMITS/ is always

accessible to the user routines, the data values should not be

modified to ensure proper operation of the program.

.A.14
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APPENDIX E

USER SUBROUTINES FOR SPATCH

U The three available user-written subroutines for SPATCH are:

- UPATCH - define surface patch coefficients and generation dat

- UOPEN - open and/or position input file
- UCLOSE - close input file

In most instances, only the first routine, UPATCH, will be needed to

perform the data conversion.

The general form of UPATCH is as follows:

SUBROUTINE UPATCH ( PATCH, THICK, NU, NV,-ICOUNT, IEND )
DIMENSION PATCH C 4, 4, 3 )

C

C PATCH = Output array of patch coefficients, having the same fo

C as in equation (2.3).

C PATCH (i,j,l) = coefficient array (4x4) for X-coordinate

C PATCH (i,j,2) = coefficient array (4x4) for Y-coordinate

C PATCH (i,j,3) = coefficient array (4x4) for Z-coordinate

C

C THICK - Thickness value for the patch, for use in EXPAND

C

C NU = Number of quadratic elements to be generated' from this

A.15



C surface patch, along the u-coordinate direction

C

C NV = Number of quadratic elements to be generated from this

C surface patch, along the v-coordinate direction

C

C ICOUNT = Sequence number for this patch. ICOUNT is provided in

C case the user routine must keep track of the number of

C patches read. When UPATCH is entered for the n-th time,

C the value of ICOUNT = n, unless modified by the user.

C

C IEND = End of data flag, to be set in UPATCH. If no more data

C exists, IEND should be set to 1 to inform SPATCH that

C all of the data has been read. If IEND=O on exit from

C UPATCH, SPATCH will generate surface data from the

C parameters PATCH, THICK,..NU and NV.

C

toU.

- user-written code >

RETURN

END

The UPATCH routine may read data from any type of file (random,

sequential, formatted, or unformatted). For this reason, a second

user-written routine, UOPEN, is provided to permit initialization

of the file to be read. The form of UOPEN is simply

A.16



SUBROUTINE UOPEN

< code to initialize file 'i"
RETURN

END

On CDC machines, the local file TAPE50 is reserved for use by UPATCH,

and the UOPEN routine need only be provided if the surface patch data

is stored on a random access file; in this instance, UOPEN may be used

to initialize the random file. by callin. OPENMS, for example. Random

. file index keys may be declared in blank COMMON if desired, since

SPATCH does not use unlabelled COMMON blocks. With the VAX version of

SPATCH, UOPEN must be provided to open the file containing surface
patch data.

UOPEN is called at the beginning of execution, before any data is

reauested from UPATCH. When the file to be read contains other data

preceding the surface patch data, UOPEN can be used to position the

file properly.

The third user routine, UCLOSE,-is provided to permit closing of

the user data file following execution. Normally, UCLOSE will not be
K required for either machine version (VAX, CDC), but is provided for

use in exceptional circumstances. UCLOSE is called as the last step

A.
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in execution; its form is

SUBROUTINE UCLOSE

< user code >

RETURN

END

..
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APPENDIX F

MATERIAL PROPERTIES LIBRARY

The material properties library used by PREP (Section 4) and REFMT

(Subsecticn 5.1) contains materials data for twelve classes of materia

ACRYL - Acrylics

ALUMI - Aluminum alloys

CASTI - Cast irons

COPPR - Copper-based alloys

GLASS - Glasses

MAGNS - Magnesium Alloys

NICKL - Nickel alloys

PLYMR - Polymeric and silicone materials

POLYC - Polycarbonates

STEEL - Carbon steels

STSTL - Stainless steels

TITNM - Titanium

Each material in the library is described by an accession number (five

digits), a five-character class designation (e.g., ALUMI), a text

description, and a list of numerical property values. Stored property

information consists of:

- elastic modulus;

- Poisson's ratio;

A.19



- elastic shear modulus;

- mass density;

- coefficient of thermal expansion; and

- initial yield stress.

At present, the library does not contain material data for the plastic

range of deformation (e.g., strain-hardening slope or full stress vs.

strain curves), but allowance has been made for references to such

tables, stored within the library. Two such table pointers are stored

as part of the material description for each entry in the library.

A
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